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A.  Computer  Model  for  Image  Glide  Slope  Systems. 

1.  Generol .  This  section  describes  a  Fortran  program  which  has  been  designed 
as  a  research  tool  for  use  in  the  study  of  the  effects  of  various  faults  on  the  field  patterns 
of  an  ILS  image  glide  slope. 

The  inputs  are  complex  ootenna  currents,  antenna  heights  and  distances  from 
runway  centerline,  antenna  mast  tilt  angles,  complex  dielectric  constant  of  the  re¬ 
flecting  surfaces,  modulation  factors  and  the  observer  location. 

2.  The  Model.  Since  the  main  output  of  the  program  is  DDM,this  is  a  logical 
point  of  departure  for  an  explanation  of  the  model  used. 

DDM  is  defined  as  the  difference  between  the  depths  of  the  150  Hz  and  90  Hz 
modulations. 


(11.1) 

M,5o  '(E„150  *  E^150<=“n50)/E^ 

(11.2) 

where  E  ]50  Hie  magnitude  of  the  carrier  accompanied  sidebands  for  the  150  Hz  modulation 
c$ 

E  ]50  Hie  magnitude  of  the  suppressed  carrier  sidebands  for  150  Hz  modulation 
ss 

is  the  angle  between  these  phasors 

E^  is  the  magnitude  of  the  carrier. 

The  reason  for  the  cosine  term  is  that  only  the  component  of  the  sidebands  in 
phase  with  the  carrier  produces  fundamental  amplitude  modulation.  The  quadrature 
components  produce  phase  modulation  and  harmonic  amplitude  modulation. 

Similarly, 

(11.3) 

Since  differs  fromy^^  by  180*  this  leads  to 

DDM  -  (E^^ISO  +  E^150«>*yi50  "  Ecs90®®*^150^/^ 

(11.4) 

but  E^90  “  £g,150/  ^„90  “  ”  •"Eg#  from  which 

DDM  2mE  cos  y/E 

ss  cs 

(11.5) 
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Since  y  is  the  angle  between  E  and  E  this  mo/  be  written  in  phasor  (complex)  form 

s$  c$ 
as 

DDM  **  Real  (2mE  /E  )  (11.6) 

ss  cs 

In  general  there  ore  six  components  for  each  phasor,  one  from  each  antenna  and 
one  from  the  image  of  each  antenna.  Not  all  of  these  components  are  non-zero  for 
presently  used  configurations.  For  example,  none  of  the  phasors exists  for  antenna  3 
or  its  image  (3  is  the  highest  antenna)  for  the  null  reference  system  while  antenna  1 
and  its  image  transmit  only  E^  and  E^^  and  antenna  2  and  its  image  transmit  only  Ess* 
This  presents  no  problem  in  a  computer  solution  since  it  is  only  necessary  to  enter 
(0. 0,0.0)  for  those  currents  (and/or  antennas)  not  present. 

• 

To  calculate  the  DDM  one  must  first  evaluate  various  phosors  involved,  add 
those  of  like  subscript  (cs,  cc,  ss,)  and  apply  (11.6). 


To  calculate  Ein  terms  of  the  input  data  (antenna  currents)  one  assumes  that  all 
paths  are  so  nearly  the  same  length  that  the  dependence  of  magnitude  on  distance  of 
travel  will  be  negligibly  different  for  all  components.  Since  the  fields  at  any  point 
of  interest  will  be  proportional  to  the  antenna  currents  producing  them,  the  quantity 
of  interest  for  the  waves  from  the  antennas  will  be  the  phase  delay  produced  by  the 
path  length.  Thus 

E  =  Alexp(-iPr)  (11.7) 

where  p  is  in  radians  per  unit  distance,  or  P  =  2ir  if  r  is  in  wavelengths. 

For  the  reflected  waves 

E  =  Aptexp(-ipr)  (11.8) 

where  p  is  the  complex  reflection  coefficient  for  horizontally  polarized  waves  at  a 
horizontal  surface.  This  is  given  by 

p  *'|cosi  -  \/(t  -  sin^i)|^osi  +-v/ (e  -  sin^i)  ^ 

where  i  is  the  angle  of  incid«ice  (angle  between  wave  and  ground  normals,  or  the 
complement  of  the  angle  between  the  direction  of  wove  travel  and  the  horizontal 
surface)  and  c  is  the  relative  complex  dielectric  constant  of  the  reflecting  surface. 

r  is  given  by 


r  »  v^(x  -  x^  -  e)^  +  (y  -  y^)^  +  (z  - 

where  x  is  the  horizontal  distance  measured  normal  to  the  runway  centerline  from 
tower  base  to  observer 

x^  is  the  displacement  of  the  antenna  in  the  x  direction  due  to  mast  tilt 
y  is  the  horizontal  distance  me^ured  parallel  to  the  runway 
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is  the  displacement  in  the  /  direction  due  to  tilt 
z  is  the  vertical  distance  to  the  observer  from  the  ground 
z^  is  the  antenna  height  with  tilt 
e  is  the  antenna  offset  in  the  x  direction. 

Used  in  conjunction  with  the  carrier  sideband  and  sideband  only  antenna  currents, 
these fomiulas  permit  calculation  of  the  DDM  without  capture  effect.  In  the  capture 
effect  case  on  empirical  formula  is  used  to  determine  the  DDM  as  a  function  of  the 
ratio  of  the  main  and  clearance  carrier  strengths. 

DDM^  =  ((M^^  -  DDM)/(1  +  +  DDM 

where  DDM^  is  the  DDM  including  the  effect  of  the  clearance  signal 

Q  is  the  ratio  of  the  clearance  carrier  magnitude  to  the  main  carrier  magnitude 
Mi5o  is  the  modulation  index  of  the  clearance  signal. 

DDM  is  calculated  os  2  times  the  modulation  index  (M)  times  the  real  part  of 
the  complex  ratio  of  £$$  to  E^j.  Due  to  faults  Introduced,  may  become  very  much 
smaller  than  E  at  some  locations  in  the  field.  This  gives  rise  to  very  large  DDM  values 
(when  the  angles  are  such  that  the  real  part  becomes  very  large).  Such  large  DDM's 
are  false  results  since  a  DDM  greater  than  2M  indicates  over-modulation  and  the 
accompanying  distortion.  In  order  to  avoid  such  results,  each  DDM  is  tested  and  if 
it  is  greater  than  2M,  DDM  is  set  equal  to  2M  (which  in  this  cose  is  0.8).  This  result 
is  not  to  be  token  literally  but  merely  os  an  indication  of  a  high  DDM. 

In  order  to  make  the  results  more  useful  in  capture  effect  studies,  the  calculated 
DDM  without  clearance  signal  is  saved  as  UDDM  and  printed  out  along  with  the  DDM 
with  clearance.  A  printout  of  the  program  with  comments  appears  on  the  following 
pages,  with  on  example  of  output  in  Figures  11-1  and  11-2. 

The  columns  of  output  data  ore  identified  as: 


alpha 

S 

elevation  angle  base  of  pole  to  observer 

ma 

= 

CDI  in  microamperes  (static) 

DDM 

= 

DDM  with  clearance  signal 

Phase 

= 

angle  between  E^  and  E^  phosors 

UDDM 

S8 

DDM  without  clearance  signal 

Q 

a 

ratio  of  clearance  carrier  amplitudes  to  main  carrier 
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Input  data  is  given  as: 


IS1  R 

151  IM 

152  R 

152  IM 

153  R 
IS3  IM 

ICl  R 
IC1  IM 
la  R 
la  IM 
IC3  R 
IC3  IM 

CEC  R 

CEC  IM 

HI  U 

HI  L 

H2  U 
H2  L 

H3  U 
H3  L 

EPSI  2 

EPSI  3 

Y 

X 

Theta 

Phi 

M 

MC  150 

ICCl  R 
ICCl IM 
ICC2  R 
ICa  IM 
ica  R 
ica  IM 


real  component  of  complex  sideband  phasor  on  antenna  1  (lowest) 
inxiginaiy  component  of  complex  sideband  phasor  on  antenna  1 

os  above  for  antenna  2  (middle)  and  antenna  3  (upper) 


as  above  but  for  complex  carrier  sideband  phosors 


real  component  of  complex  dielectric  constant 
imaginary  component  of  complex  dielectric  constant 
height  of  lower  antenna  in  wavelengths 
height  of  image  of  lower  antenna  below  ground 

as  above  for  middle  antenna 

as- above  for  upper  ontenna 

offset  of  middle  antenna  wrt  lower  antenna 

offset  of  upper  antenna  wrt  lower  antenna 

horizontal  distance  to  observer  along  centerline  in  wavelengths 

horizontal  distance  from  pole  to  centerline  in  wavelengths 

antenna  tilt  from  vertical 

direction  of  antenna  tilt  (0*  for  tilt  toward  runway) 
modulation  factor 
clearance  modulation  factor 


complex  clearance  phasor  components 


rtoo  non  non  nnnn  r>r*  nnnn 


3,  FORTRAN  Program  Listing 


CALCCIMP.PLOTT 

GENERAL  I  ZEO  COMPUTE!?  PROGRAM  TO  DETERMINE  THE  EFFECTS  CN  THE  I  LS 
RESULTING  FROM  FAULTS  INTO  THE  SYSTEM  INCLUDING  ANTENNA  SHIFTS 
AND  changing  complex  DIELECTRIC  COEFFICIENTS. 

IMPLICIT  REAL*  61  A ,D-H , M  ,  C- i )  . COKPL EX* 1 6 ( C ) 

COMPLEX* 16  ISI . I S2. I  S3, IC I  .IC2. ICO.ICCl . ICCa . I CC3 .FSS. ECS .ECC . 

>  RHOI  ,RH02,  RHL’3,T  IA,TIE,TIC.TIl).TIE,TIF,TIG,TIH,TII 
DIMENSION  FELI 17.2,2) .A( 17,2) 

REAL*4  TTL(80),TTL2 
REAL  !3XX<6)  ,BXV(6) 

REAL**  AXX(  490  >  ,  AXY(  490 
DIMENSION  BUFISOOO) 

DATA  TTL2/*  •/ 


CALL  PLCTSIHUF ,20000,1 0) 

ALL  PARAMETERS  SUCH  AS  ANTENNA  FEED,  ANTENNA  HEIGHTS.  COMPLEX 
DIELECTRIC  COEFFICIENTS,  ETC.,  ARE  READ  INTO  THE  PROGRAM  AS  DATA 
ON  INDIVIDUAL  CAROS. 

GO  TO  17 

1  CONTINUE 

RE  AD  (5, 2)  ((IFFL(t<l,K2.K2),K3=l,?),K2=l,2).Kl=I  ,17) 

2  F0RMAT(4A3) 

PI  =  3. 141S92e53Ee979323e46264 

3  R£AD(5*4.EN0  =  29 >  (  ( A ( J 1 , J 2 ) • J2= 1 . 2 ) . J 1  =  1  *  1 7) 

4  FORMAT <2F1 0. 3) 

EOU I  VALENCE  (A(8,l).HIU).<A(e,2),HlL).(A(9,l)  .H2U)  . ( A( 9.2 ) . H2L ), 

>  ( A( 10, 1 ) . H3U ) . ( A( 1 0.2  > .H3L ) , ( A(  II.  1 ) .EPS12) . (A(11.2)  ,EPSI3). 

>  (A(12,l),V),(A(I2.2).X).(A(13.1)*THETA),<A(13,2).PhI), (A(14,l), 

>  M),( A( I4.2),MC 150) 

151  =  OCMPLXIAd  .1  >  ,A(  I  .2)  ) 

152  =  DCMPLX(A(2.1 )  .A(2,2) ) 

153  =  0CMPLX(A(3.1 >,A( 3,2)  ) 

ICl  =  DCMPLX(A(4,1  )  .A(4,2>  ) 

1C2  =  DCMPLXI A< 6, 1 ) .A( 5.2) ) 

IC3  s  0CMPLX(A(6.1  ),A(6.2)  ) 

CEC  -  DCMPLX(A(7,1  )  ,A(7,2)  ) 

ICCl  =  DCMPLXI  A(  IS,  1  )  .A(  15,2)  ) 

1CC2  =  DCMPLXI A( 16. 1  ), A( 16.2  )  ) 

ICC3  =  DCMPLXI AI  17.1)  .AI17. 2)) 

X3 155.46 

Y=10000.0 

PRINT  OOT  OF  INPUT  DATA. 

PRINT  5 

5  FORMATI'ITHE  INPUT  DATA  IS  AS  FOLLOWS*) 

WRI TEI 6.6)  I AI KV  .1  ) . IFELI KV. 1  .KC) , KC= 1 . 2 ) , AI KV . 2 ) .  IFEL  IK V , 2, KB  ) . 

>  KB=1 .2) .KVcl . 1 7) 

6  FORMATI*  * .FIO .3,2X.2A3.4X,F 10.3. 2X« 2A3)  ' 

PRINT  7,Y 

7  FORMATI 'TTHE  DISTANCE  OUT  FROM  THE  ANTENNA.  Y =•  , I  X , F 1 0 .3 ) 

PR  I N  T  6 

8  FORMATI ‘OALPHA*, lX.'UA*  ,6X.*nOM* , 5 X,* PHASE*  .4X,*UD0M*, 3X,*Q*  ) 

GO  TO  22 

9  CONTINUE 

D  =  OSQRTI  X*X*  Y*T) 

THETA  -  THETA*P1/180.0 
PHI  =  PH14PI/1A0.0 
00  IS  J*  1, El 

COMPUTATION  OF  ELEVATION  ANGLE  IN  ONE  TENTH  OF  DEGREE  STEPS. 

ALPHA  =  (J-I  .0  )/l<)  .0 
AP  s  ALPHA*PI/180. 

Z  s  04DTANIAP) 

COMPUTATION  OF  ANTENNA  TILT. 

TMA  X  OSINITHETA) 

TMB  X  TMA*DCO$( PHI ) 

TMC  X  TMA«OS INIPHI ) 

TMO  X  DCOSITHETAl 
XIT  X  H1U*TMB 


11-5 


—  OOdOi  -  ' 
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X2T  =  H2U*TMU 
X3T  =  H3ti*TMB 
YIT  =  H1U*TMC 
Y2T  =  H2U*rMC 
Y3T  =  H3L*TMC 
ZIT  =  H1U*TMD 
zar  =  H2U*TM0 
Z3T  =  H3U*TMQ 
C 

C  CCMPUT  AT  I CN  OF  O  ISPLACt^'FNT  FROM  ANTENNA  ELEMENT  TO  OBSERVER. 

C 

TMA  =  (X-X1T)**2*( Y-V1T)*A2 

TMU  =  ( X-X2T-EPS 12 ) **2F ( Y-Y2 T)**2 
TMC  =  < X-X3T-EPS 13  )  A  +  aFC  Y-Y3T) **2 
RIU  =  OSQRTE TMAF (Z-ZIT  )A*2  ) 

R2U  =  DSQRTC  TMt3F(Z-Z2T»**2) 

RJU  =  DSC3RT  (  TMCf  <Z-Z3T  )  TA2  > 

RIL  =  DSORTl  TMA4- (  Z  +  Zl  T  >'(‘*2  ) 

R2L  =  DSUBT  (  TMB'*- (  Z  +  Z2T  )**a  ) 

RJL  =  OS(JRT(TMC+(Z+Z3r  )A*2) 

C 

C  COMPUTATION  OF  REFLECTION  COEFFICIENT  FCR  ANTENNA  N3,  I 

C 

3ETA1  =  OAKCCS (O/RIL ) 

SI  I  =  PI/2.000-OETAI 

CSIM  =  OCMPLX  (OS  IN<  S  I  1  )  *A2.  0  .000  I 
CSUMl  =  CEC-CSIM 
CRUOT  1  =  COSORTI.CSUMI  ) 

CCUSl  =  OCMPLX ( JCnS(SI 1 I.O.OCO) 

CNl  -  CCOSl-CRCOTI 
COl  =  CCOSIFCROOTI 
HHCI  =  CM/COI 
C 

C  CTMPUTATION  OF  tJEFlFCTION  COEFFICIENT  FOR  ANTENNA  NJ.  2 

C 

BETA2  -  OARCOS( D/R2L  ) 

512  =  PI /2 .COO-HET A2 

CS1N2  =  OCMPLXOSIMSiai  +  ^a.O.ODO) 

CSUM2  =  CFC-CSIN2 
CROOT2  =  CDSQRT( CSUM2 ) 

CCOS2  =  OCMPLX(r)COS(  SI2)  .C.ODO) 

CN2  =  CCOS2-CROOT2 
C02  =  CCOS2+CRUOT2 
RH02  =  CN2/C02 
C 

C  COMPUTATION  or  REFLECT ICN  CCEFFICIENT  FOP  ANTENNA  NO .  3 

C 

OETA3  =  CAPCOS (D/n3L  ) 

513  PI /2.CD0-UETA3 

C5IN3  =  0CMPLX(DSIN(SI3»**2. 0.000) 

CSUM3  =  CEC-CSIN3 
CR0UT3  =  COSQRT(CSUM3) 

CCUS3  =  UCMPLX (OCnSlSI 3). 0.000) 

CN3  =  CCCSJ-CROOT3 
CD3  =  CCOS3'i-CRUOT3  ' 

RH03  =  CN3/CD3 
C 

C  COMPUTATION  OF  EPSILON<JBR) 

L 

TMA  =  2.004'PIARIL 
TMH  =■  2.D0*P1*R2U 

TMC  a  2.D0APIAR1U 
TMO  =  2.00*PI*R1L 
TMf  c  2.D0*PI*R2L 
TMF  5  2.DC*PI4'R3L 

CIU  *  DCMPLX(0C0S( TMA) ,-0SIN( TMA) ) 

C?0  *  OCMPLXIUCOSITMB) .-OSINITMB) ) 

(.  »L  »  OCMPLX(DCOS<  TMC  )  .-DSINETMC)  ) 

CIL  *  fXMPLXl  OCOSI  TMO)  .-OSIN(TMO)  ) 
v2L  •  OCMPlxIOCOS(TME).-OSIN(TME) ) 

.  IL  •  OCMPLKIOCOSI  TMF  )  ,-0SIN(TMF  )  ) 

iM'rATIUN  OF  SIOEPANC  ANTENNA  PATTERNS. 

I* lAf lUNRHOl tlSI ACIL 
I  .2«C2UaSh(j2*IS2*C2L 
•  A  JPC  K<*MM03*IS.1*C3L 
APfti r 16  I 
(••A!  T  |M  ) 

*M*<  Til) 
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non  non  non 


ess  tig+tih+ti  i 
MESS  -  COABSCesS) 

CCMPUTATICK  OF  CAFRIEP  AKTENNA  PATTERNS. 

TIA  =  IC  l*ClU-*-PHr!l  AICl  «CIL 
TIB,  =  IC?*C2U+RHa2*I  C2*C2L 
TIC  1C2*C3U«-PH03*IC3*C2L 
G1  =  CDA£3S(TIA) 

G?  =  COAUS( TIB ) 

Gi  =  COAnSI TIC) 

ECS  =  TIAPTIH+Tir 
MFCS  =  COAOS(ECS) 

ccmputation  of  clfarance  signal  patterns 

TIA  =  ICCl *C1U FRPn 1 • ICC  I  AC IL 
TIB  =  ICC2*C2UFRP02*ICC2*r2L 
TIC  =■  irC3*C3U+KP03*ICC3*C3L 
CCl  =  CDABS(TIA) 

CC2  =■  CDARSI  TIB) 

CC3  =  COABS<  TIC  ) 

ECC  =  TIA+TIO+TIC 
MECC  =  COABSIECC) 

T I A  =  ESS/ECS 

PHASE  =  DATAN2 (DI v aG( TI A ) , DREAL (TIA)) 

Phase  =  phase* 1 8C. c/p  I 

DOM  =  2,000*M*DREAL( T I  A  ) 

TMG  =  M*2,0D0 
TMH  =  DABSinOM) 

IF(TMH,GT ,TMG)  go  TO  10 
GO  TO  1 1 

10  DOM  =  TMG+DDM/TMH 

11  CONTINUE 
UOOM  =  ODM 


OAPTURE  EFFECT  CALCULATIONS 


12 

13 

1  4 
1  5 

16 


C 

C 

C 

C 

c 

c 

c 

c 


•  * 
** 
*« 
** 
** 
** 
«* 
1  7 


0  =  (MECC/MECS ) 

IF(U.LT.O.l)  GO  TO  12 

DOM  =  DOM*(MC150-OOM)/( l+0**(-2.S) ) 

UA  =  DOM*7B./,0<?1 

PRINT  13. ALPHA  »UA, DOM, PHASE. LOOM, Q 

FJR)4AT(*  ••2X.F3.1.1X.F7.1.1X.F7.3.1X.Fa.3.1X.F7.3.1X.Fe.4> 
GO  TO  2A 
CONT INUE 
<ONT INUE 
GO  TO  25 
CONT INUE 
GO  TO  3 

THIS  IS  THE  CALCCMP  SERVICING  PORTION  OF  THIS  aROGRAV 


** 

aROGRAV 

** 

TC  BE 

** 

PROGRAM 

** 

TROL  CARDS 

** 

** 

IF  FOR  ANY  REASON.  YOU  DO  NOT  *  I SH  CALCOMP  GRAPHS  TC  BE 
MADE.  YOU  MAY  DISABLE  THE  CALCOMP  PORTION  OF  THIS 
BY  PLACING  AN  ASTERIX  IN  CCLUMN  EIGHTY  OF  YOUR  CCNTROL  CARDS 

CONTINUE 
DO  2C  1NN=I.6I 
INJ  =  rNN*122 

INK  =  INJPei 
INL  =  (NK*61 

IJJ  =  INLFdl 
UK  =  IJJ«-6l 
IJL  =  IJK4-61 
IF( INN.GT .30 )  GO  TO  16 
AXYI INL)  =  SBH.O 

aea.  0 

HB8.0 


18 

19 


AXV( INK) 
AXYI IN J ) 
GO  TO  19 
AXYI INL) 
AXYI INJ ) 
AXYI INK) 
CONT INUE 
AXXI INJ) 
AXXI INK) 
AXXI  INL  ) 
AXYI I JJ) 
AXYI.I  JK) 


-500. C 
-SO  0.0 
-500.0 

2  .3 
3.0 
3.7 
150  .0 
0.0 


AXY{  IJL )  =  - ISO.O 
AXX(IJJ)  =  ( INN-l.0)/10.0 
AXX(  UK)  =  <  INN-1. 0/10.0 
AXX(IJL)  =  ( INN-1. 0>/10.0 

20  CONTINUE 
NPT  =  61 
NPL  =  8 

REA0(5*21)  UXX.OXY 

21  FORMAT! 12A4) 

GO  TO  1 

22  CONTINUE 
119  =  0 

REAC(5.23)  TTL 

23  FORMAT! 80A1 ) 

60  TO  9 

24  CONTINUE 
119  =  I  I  9+  1 

UOUA  =  U00MA78 ./ .091 
AXXIIIO)  =  ALPHA 
AXV!  I  I  9)  =  UA 
AXX!  1  I9-I-61  )  =  ALPHA 
AXY(I19461)  =  UOUA 
GO  TU  14 

25  CONTINUE 

DO  28  1=1.429 

1F(AXY(  1  ).LT .888.0)  GO  TO  26 
AXY<  1  )  =  888  .0 

26  1F(AXV( I ).GT.-5C0. C)  GO  TO  27 
AXY!  1  )  =  -500. C 

27  CONTINUE 

28  CONTINUE 

IF(TTLI2).EQ.TTL2)  GO  TO  16 

CALL  PLOTT! AXX. AXY  .NPT .NPL  .DXX . BX Y  * TTL ) 

GO  TO  16 

C  ♦♦  ♦♦ 

C  ♦♦  END  OF  CALCCMP  PACKAGE  ♦♦ 

C  **  ** 

29  CONTINUE 
STOP 
END 


THE  INPUT  DATA  IS  AS  FOLLOWS 


-  l.OOO 

ISl 

K 

O.C 

ISl  I  M 

2.000 

IS2 

R 

C  .0 

IS2  I*< 

0.342 

I  S3 

R 

-C.939 

I  S3  I  w 

6.514 

ICl 

R 

0.  C 

ICl  1  w 

-3.257 

1C2 

R 

0.0 

IC2  IM 

0.0 

IC3 

R 

0.0 

I  C3  1  M 

10000 .000 

CEC 

R 

0.  C 

etc  I M 

4.777 

HIU 

4.777 

HIL 

9.554 

H2U 

9.  554 

H2L 

14.330 

H3U 

14.330 

H3L 

0.25C 

EPSI2 

0.420 

EPS  13 

lOCCO.OOO 

V 

155.  4f,0 

X 

0.0 

THETA 

0  .0 

PHI 

C.400 

M 

0.900 

MC15C 

3.220 

ICC  1 

H 

C.  C 

ice  1 1 M 

0.0 

ICC2 

R 

0.0 

ICC2IM 

-  1.101 

ICC3 

R 

3.C25 

1  CC  3  I  ►' 

HE  OlSTANCe 

OUT 

FROM 

THE  ANTENNA 

. 

Y  = 


1 OCCO.OOO 


0.0 

307.7 

0 

.359 

-56 

243 

0 

.226 

C.567C 

0  .1 

771  .4 

0 

.900 

30 

509 

C 

.  800 

0.2 

771  .4 

0 

.900 

-6 

140 

0 

.30  0 

0.3 

771.4 

0 

.900 

-21 

190 

0 

.800 

0  .4 

771  .4 

0 

.900 

-2t 

905 

0 

.  80  0 

0.5 

771 . 3 

0 

.900 

-2  9 

389 

0 

.80  0 

«  *  W  *  -41 « 

0  .6 

771  .2 

0 

.900 

-30 

498 

c 

.600 

9. 9794 

0.7 

770 .3 

0 

.899 

-30 

896 

0 

.800 

6.9999 

0.8 

770.0 

0 

.898 

-3C 

658 

.80  0 

5.0723 

0  .9 

768.4 

0 

.896 

-30 

51  1 

c 

.  800 

3. 7596 

1  .0 

765.5 

0 

.893 

-29 

909 

0 

.800 

2.8310 

1  .1 

760.5 

0 

.867 

-29 

074 

0 

.800 

2.1553 

1  .2 

752.5 

0 

.878 

-2  8 

001 

0 

.80  0 

1.6536 

1  .3 

741.3 

0 

.865 

-2  6 

666 

0 

.800 

1.2771 

1  .4 

728.2 

c 

.850 

-25 

026 

0 

.  800 

C. 9936 

1  .5 

715.8 

0 

.635 

-23 

008 

0 

.800 

0. 7820 

1  .6 

653.3 

0 

.762 

-20 

498 

0 

.719 

0.6282 

1  .7 

532.4 

0 

.621 

-17 

316 

0 

.  see 

C. 5216 

1  .8 

424  .9 

0 

.4  96 

-13 

159 

0 

.-440 

0.4536 

1  .9 

334.6 

0 

.390 

-7 

501 

c 

.334 

0 .4 1 45 

2  .0 

260.4 

0 

.3  04 

0 

623 

0 

.  245 

0.395? 

2.1 

199.3 

0 

.233 

1  3 

004 

c 

.  170 

0.3874 

2.2 

148.6 

0 

.  173 

32 

423 

0 

.  1  07 

0,3850 

2.3 

105.6 

0 

.123 

59 

623 

0 

.052 

0.3840 

2.4 

68.4 

0 

.080 

86 

852 

0 

.00  6 

0.3822 

2  .5 

35.  7 

0 

.  042 

106 

466 

-  0 

.  034 

0.3785 

2*.  6 

6.2 

0 

.007 

1  19 

298 

-0 

.  068 

0.3722 

2.7 

-20.6 

-0 

.024 

128 

1  16 

-0 

.098 

0  .3632 

2.8 

-45.3 

-0 

.053 

134 

697 

-c 

.  123 

C.35ie 

2.9 

-68.1 

-0 

.079 

140 

000 

-0 

.  144 

0.3379 

3.0 

-89.  1 

-0 

.104 

1  44 

545 

-c 

.163 

0.3220 

3.1 

-103.4 

-0 

.  1  26 

148 

632 

-0 

.  179 

0.3044 

3.2 

-125.9 

-0 

.147 

152 

44  0 

-0 

.  192 

0.2853 

3.3 

-141.8 

-0 

.165 

156 

079 

-0 

•  204 

0.2651 

3.4 

-155.8 

-0 

.182 

159 

618 

-0 

.214 

0.2442 

3.5 

-168.  1 

-0 

.  1  96 

163 

098 

-0 

.222 

0.2231 

3.6 

-178.6 

-0 

.208 

1  66 

54  1 

-0 

.  229 

0.2C21 

3.7 

-187.4 

-0 

.2  19 

169 

958 

-0 

.234 

0.  1817 

3.8 

-194.5 

-0 

.227 

173 

34  6 

-0 

.239 

0.1627 

3  .9 

-200.2 

-0 

.2  34 

176 

697 

-c 

.24  3 

0.  1456 

4  .0 

-204 .4 

-0 

.2  38 

179 

996 

-0 

.24  6 

0.1321 

4.1 

-207.4 

-0 

.2  42 

— 

1  76 

775 

-c 

•  248 

0.1225 

4  .2 

-209.3 

-0 

.244 

— 

1  73 

634 

-c 

•  250 

0. 1 1 80 

4  .3 

-210.2 

-0 

.245 

— 

1  70 

601 

-0 

.25  1 

0.1189 

4  .4 

-210.3 

-0 

.245 

• 

167 

696 

-0 

.  252 

0. 1247 

4.5 

-209.6 

-0 

.245 

— 

164 

934 

-0 

•  252 

0. 1 342 

4.6 

-208.2 

-0 

.243 

• 

162 

331 

-0 

•  252 

0.1464 

4.7 

-206.1 

-0 

.240 

— 

159 

896 

-0 

.252 

C. 1601 

4.8 

-203.5 

-0 

.237 

— 

157 

639 

-0 

•  252 

0. 1 745 

4.9 

-200.5 

-0 

.234 

— 

155 

565 

-0 

.252 

0.1 890 

5.0 

-197.2 

-0 

.220 

— 

153 

677 

-  0 

.251 

0.2032 

5*1 

-193.7 

-0 

.226 

— 

151 

975 

-0 

•  251 

0.2167 

5.2 

-190.1 

-0 

.222 

— 

ISC 

461 

-0 

•  250 

0.2292 

5.3 

-186.6 

-0 

.2  18 

— 

149 

132 

-0 

.249 

0.2407 

5.4 

-183.3 

-0 

.214 

— 

147 

986 

-0 

.249 

0.2509 

5.5 

-180.3 

-0 

•  210 

— 

14  7 

022 

-0 

.249 

0.2598 

9*6 

-177.7 

-0 

•  207 

— 

146 

236 

-0 

•  248 

0.2672 

5.7 

-175.5 

-0 

•  205 

• 

145 

628 

-0 

•  248 

0.2732 

5.8 

-174.0 

-0 

•  203 

• 

145 

199 

-0 

•  248 

0.2778 

9*9 

-173.0 

-0 

•  202 

— 

144 

968 

-0 

•  248 

0.2815 

6*0 

-175.2 

-0 

•  204 

— 

146 

223 

-0 

•  262 

0.3072 

l.OC 


5. 00 


'o.oo 

Figure  11-2. 
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Example  Ojjtpuh  Far  Field  CDI  vs.  Angle  -  Capture  Effect 
Glide  Slope.  1 10  Degrees  Phase  Shift  in  U|pper  Antenna  Line 


B.  Fault  Studtes  on  g  Capture-Effect  Glide  Slope  and  Its  Computer  Model. 

1 .  Introduction  and  Summary.  This  section  is  a  report  of  tests  involving 
a  capture-effect  glide  slope  that  was  set  up  at  Ohio  University's  test  facility  at  Tamiami 
Airport,  Miami,  Florida  on  which  extensive  fault  studies  were  made.  Perturbations 
employed  include  phase  delays  and  advances,  changes  in  modulation  indices  for  main 
and  clearance  signals,  attenuation  in  antenna  lines  and  resetting  of  power  dividers  in 
the  APCU. 

The  transmitter  used  was  a  Wilcox  Mark  1C  solid-state  with  3  element  colinear 
antennas  in  comer  reflectors  Type  FA8976  manufactured  by  Antenna  Products  Company. 

In  most  cases  theoretical  (predictive)  computer  modeling  was  performed  using 
the  computer  program  described  in  Section  XI  .A. 

In-flight  measurements  were  made  using  the  Mark  II  Mini  lab  in  a  Beechcraft 
Model  35  Bonanza  flying  a  level  pattern  on  the  localizer  on-course  at  1000  feet  alti¬ 
tude  (above  ground).  A  theodolite  was  used  to  mark  the  elevation  angle  of  the  plane 
by  signaling  as  it  passed  through  the  crosshair  with  the  theodolite  preset  to  each  tenth 
of  one  degree. 

For  selected  faults  the  near-field  monitor  in  combination  with  a  PIR  (Portable 
ILS  Receiver)  was  used  to  gather  measured  data  at  the  360**  point.  For  each  computa¬ 
ble  run,  near-field  values  were  calculated  and  are  presented  preceding  the  corresponding 
level  run  graph. 

Figures  11-3  through  11-102  present  a  graphical  story  of  the  tests. 

2.  Analytical  Methods.  The  program  used  in  calculating  the  DDM 
and  CDI  to  be  expected  in  a  given  set  of  conditions  is  based  on  a  number  of  assumptions 
which  seem  to  be  well  met  at  the  Tamiami  site.  These  are  (a)  a  flat,  smooth,  horizon¬ 
tal  reflecting  plane  of  extent  sufficient  to  cover  all  significant  Fresnel  zones,  (b)  a 
sufficiently  uniform  earth  dielectric  constant  (or  one  sufficiently  high  so  that  it  appears 
uniform)  and  (c)  all  field  points  of  interest  far  enough  from  the  sources  to  permit  use  of 
the  plane  wove  approximation. 

Given  these  assumptions  the  program  uses  the  image  principle  to  calculate  the 
fields  due  to  the  antennas  and  their  images  at  the  point  of  observation,  working  from 
the  complex  values  of  the  various  antenna  current  components.  Adjustment  of  the 
phase  of  each  field  component  is  made  using  the  calculated  distance  of  travel  and,  in 
the  cose  of  the  images,  due  to  the  reflection  coefficients  calculated  for  each  point  of 
reflection  from  incidence  angles  and  complex  dielectric  constant  of  the  earth  (if  known 
or  assumed) . 

The  complex  fields  are  then  added  to  produce  total  sideband  only,  total  carrier 
sideband,  and  total  clearance  fields.  From  these,  DDM  and  CDI  are  calculated.  The 
main  course  fields  are  combined  with  the  clearance  fields  according  to  an  empirical 
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formula  for  capture-effect  and  the  results  ore  printed  out  os  DOM  without  clearance 
signal,  DDM  with  clearance  signal,  and  the  corresponding  CDI.  The  ratio  of  clearance 
to  main  signal  strei^th  is  also  indicated. 

If  these  results  are  to  predict  CDI  values  obtained  in  flight  measurements,  it  is 
necessary  further  to  alter  them  to  correspond  to  values  obtainable  with  practical 
receivers.  The  Mark  II  Minilab  employs  a  Norco  UGR2  receiver  which  responds  well 
to  DDM  producing  CDI  between  -t60  microamperes  (150  Hz)  and  -80  microamperes  (90  Hz) 
but  whose  response  falls  off  rapidly  outside  this  range.  Extensive  testing  of  the  UGR2 
has  yielded  a  correction  curve  which  has  been  used  to  alter  the  calculated  data  so  that 
it  can  predict  the  CDI  values  seen  by  the  Mini  lab. 

Data  listed  and  values  plotted  on  the  accompanying  figures  have  been  so 
adjusted  for  for-field  plots  (level  runs)  but  not  for  the  360**  point  data  since  this  is  not 
read  by  the  UGR2  but  by  the  monitor-PIR  combination  for  v^ich  there  is  presently 
no  calibration  curve  over  the  whole  range  of  CDI  values. 

3  .  Ground  Data.  The  CEGS  (capture-effect  glide  slope)  transmitter 
used  in  these  experiments  was  a  Wilcox  Mark  1C  feeding  the  three  Antenna  Products 
Company  3-element  colinear  arrays  in  comer  reflectors  through  RG-214  cables. 

The  antenna  tower  was  located  461 .5  feet  from  the  runway  centerline  with 
the  upper  antenna  offset  12.4  inches  toward  the  runway  and  the  lower  antenna  offtet 
7.5  inches  away  from  the  centerline.  Antenna  heights  were  adjusted  to  14.18  ,  28.36, 
42.54  feet  to  produce  a  3^  glide  path  angle.  Operating  frequency  was  assigned  as 
331 .1  MHz  with  the  main  course  signal  4  KHz  above  and  the  clearance  signal  4  KHz 
below  this  value. 

Transmitter  carrier  power  was  set  at  2.9  watts,  sideband  power  adjusted  to  37.5 
milliwatts  and  clearance  power  at  0.29  watt. 

This  data  was  entered  in  the  program 'after  conversion  of  the  distances  to  wave¬ 
lengths  and  the  powers  to  relative  equivalent  antenna  currents. 

4.  Preliminary  Setup  Procedures.  Relative  antenna  currents  and  powers 
were  determined  and  adjusted  in  accordance  with  the  Mark  1C  installation  handbook 
values.  The  procedure  was  modified  to  include  the  use  of  a  hand-held  probe  and  a 
Hewlett-Packard  Model  8405A  vector  voltmeter. 

With  the  sideband  only  (SBO)  feedline  to  the  APCU  dummied,  carrier  and  side- 
bartd  (CSB)  energy  was  fed  to  the  SBO  input.  The  clearance  transmitter  was  de-energized 
and  the  CSB  input  jack  dummied.  This  applied  carrier  and  sidebands  to  all  three 
antennas  through  the  SBO  channels  of  the  APCU. 

In  order  to  balance  out  the  termperature-induced  errors  in  the  voltmeter  probe 
cables,  the  middle  antenna  monitor  port  was  chosen  for  the  voltmeter  reference  probe 
and  the  probe  cables  made  os  nearly  equal  in  length  and  temperature  as  possible. 
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With  the  hand-held  probe  on  the  middle  antenna,  the  voltmeter  was  adjusted 
to  read  zero  phase  difference.  Then  with  the  probe  on  the  upper  antenna,  the  phase 
was  adjusted  until  the  meter  read  180”.  This  was  repeated  for  the  lower  antenna. 

The  reference  was  checked  between  readings  to  check  the  stability  of  the  measurements. 

Power  levels  were  set  using  the  in-line  wattmeters.  The  use  of  this  type  of 
meter  on  the  ILS  wavefonns  is  covered  in  Section  XI. D. 

5.  Error  Analysis.  Certain  errors  arise  in  the  measurements  of  any 
physical  quantity.  In  a  process  as  dynamic  as  flight  measurements  of  field  qucmttties 
these  errors  must  be  analyzed  and  either  systematically  corrected  for  or  shown  to  be 
of  negligible  significance. 

Calibration  of  the  receiver  and  recorder  used  in  the  Mark  II  Mini  lab  has  been 
accomplished  and  is  used  in  modifying  the  calculated  (predicted)  response.  Such 
errors  are  effective  only  in  the  regions  of  high  DDM  (CDI  greater  than  75  microamps). 

Errors  in  determining  and  recording  the  position  of  the  aircraft  and  errors  due 
to  dynamic  response  time  of  the  Mini  lab  need  to  be  considered.  Aircraft  elevation 
angle  is  recorded  by  the  event  marker  on  the  margin  of  the  recorder  chart  through  a 
ground-to-air  link  involving  the  action  of  the  theodolite  operator  who  closes  a  push¬ 
button  switch  when  he  sees  the  target  aircraft  arrive  at  the  horizontal  crosshair  of  his 
prepositioned  instrument.  This  causes  an  audio  beep  to  sound  in  the  plane  to  which 
the  airborne  instrument  man  responds  by  pushing  a  button  to  close  the  marker  circuit 
switch  momentarily  (the  Mark  III  Mini  lab  will  eliminate  the  on-boaid  operator  from 
this  link  by  using  the  incoming  signal  directly  to  actuate  the  marker). 

To  evaluate  the  effect  of  human  reaction  times  in  this  link  a  series  of  controlled 
experiments  was  performed.  These  showed  that  a  skilled  theodolite  operator  could  use 
anticipatory  cue  to  eliminate  the  delay  in  his  response  almost  entirely  since  he  watches 
the  plane  approach  the  target  at  a  reasonably  uniform  rate  even  in  fairly  rough  weather. 
The  operator  in  the  plane,  however,  has  no  such  visual  cue  and  exhibits  a  lag  in  response 
of  about  0.3  second.  Time  constants  of  the  instruments  are  much  shorter  especially  in 
flight  where  the  constant  vibration  supplies  an  automatic  keep-alive  action.  Table 
11-1  gives  the  CDI  error  in  microamps  caused  by  the  operator  reaction  times  for  various 
elevation  angles  of  a  1000-foot  altitude  level  run.  Later  developments  in  the  Mark  III 
Mini  lob  allowed  automation  of  the  function  and  the  elimination  of  the  error. 

Table  11-2  shows  the  time  for  0.1  degree  intervals  os  a  function  of  the  elevation 
angle.  Since  the  theodolite  operator  must  reset  his  instniment  precisely  and  also  return 
his  attention  to  the  field  of  view  during  this  interval,  the  necessity  of  using  skilled 
peisormel  for  this  job  is  evident. 

From  the  foregoing  it  can  be  seen  that  the  erton  introduced  by  these  delays 
are  of  no  great  significance. 
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Angie 

Onboard 

Delay 

Theodolite 

Delay 

Total 

Delay 

Degrees 

9 

0.260 

0.052 

0.312 

0.0014 

0.59 

0.12 

0.71 

0.0033 

1.05 

0.21 

1.26 

0.0059 

2.35 

0.47 

2.82 

0.013 

4.20 

0.85 

5.05 

0.024 

6.56 

1.31 

7.87 

0.037 

9  Normal  glide  slope.  Altitude  1000  feet.  Groundspeed  140  Kts. 


Table  11-1.  Summary  of  Reaction  Time  Delays. 


Angular  Interval 

Time  in  Seconds 

1. 0-1.1 

22 

1.5-1. 6 

10.1 

2.0-2. 1 

5.8 

2. 5-2.6 

3.7 

3.0-3. 1 

2.6 

3. 5-3.6 

1.9 

4. 0-4.1 

1.5 

4. 5-4. 6 

1.3 

5.0-5. 1 

0.95 

Table  11-2.  Time  in  Seconds  for  Selected 
Angular  Intervals  of  1000  Foot 
Level  Flight  at  140  Kts. 
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6.  Results.  Results  of  the  tests  are  presented  in  Figures  11-3  through 
11-102.  An  important  purpose  of  these  experiments  was  to  lay  the  groundwork  for 
specifying  a  setup  procedure  designed  to  minimize  flight  test  time  in  commissioning 
glide  slopes.  Close  agreement  between  predicted  and  measured  results  exists. 

in  Table  11-3  calculated  values  for  path  angle  and  width  are  compared  to 
measured  values  with  a  percentage  difference  calculated.  Provided  the  mathematical 
model  is  a  good  means  of  representing  the  glide  slope  performance,  one  would  expect 
good  agreement,  particularly  since  the  near-ideal  site  at  Tamiami  offers  no  complica¬ 
tions.  A  careful  inspection  of  the  tables  does  indeed  show  this  to  be  the  case.  The 
difference  is  typically  one  percent  or  less. 

Data  is  also  available  for  the  near-field  monitor  condition.  For  some  of  the 
perturbations  field  measurements  were  made  with  the  monitor  detector  probe  being 
moved  physically  up  and  down  from  its  normal  position  at  the  360-degrbe  proximity 
point.  The  angular  position  where  the  zero  DDM  value  was  obtained  was  recorded. 
Calculations  were  made  for  most  of  the  perturbations  and  when  possible  a  comparison 
was  mode  and  a  percentage  difference  calculated.  Again,  results  were  quite  encour¬ 
aging.  The  reader  must,  of  course,  remember  that  the  ground  plane  was  essentially 
ideal  with  no  problems  such  as  snow  cover. 

A  final  comparison  is  given  for  cases  when  data  was  available  to  determine 
how  well  the  measured  monitor  (second  choice,  calculated)  predicted  the  observed  far- 
field  values.  For  these  cases  the  agreement  is  not  as  good. 
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Rgure  11-4.  For  Reid  CD!  vs  Angie  -  Normal  Glide  Slope. 
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Figure  11-5.  Near  Field  (360**  Point)  GDI  vs  Angle  -  Sidebands  Retarded  20*. 
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Rgure  11-8.  Far  Field  GDI  vs  Angle  -  Sidebands  Retarded  20*. 

Horizontal  Run  at  1000  Feet  Altitude,  2  Septembw  1976. 
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Rgure  11-10.  Far  Field  CDI  vs  Angle  -  Sidebands  Retarded  20*. 


Horizontal  Run  at  1000  feet  Altitude  Outbound,  2  September  1976. 
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Rgure  11-11 .  Near  Field  (360*  Point)CDI  vs  Angle  -  Sidebands  Retarded  30*. 
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Rgura  11-12.  Far  Field  CDI  vi  Angle  -  Sidebands  Retarded  30*. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Rgure  11-13.  Near  Reid  (360*  Polnt)CDI  vs  Angle  -  Sidebands  Retarded  30* 
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Rgum  11-15.  Near  Field  (360*  Point)  CDI  vs  Angle  -  Sidebands  Retarded  40 
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Rgure  11-16.  Far  Field  COI  vs  Angle  -  Sidebands  Retarded  40*. 

Horizontal  Run  at  1000  Feet  Altitude,  2  September  1976 
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Rgure  11-17.  Near  Field  (360*  Point)  CD!  vs  Angle  -  Sidebands  Retarded  50* 
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Rgure  1 1 -16.  For  Reid  CDI  vs  Angle  -  Sidebands  Retarded  50*. 

Horizontal  Run  at  1000  Feet  Altitude,  2  September  1976. 
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Figure  11-19,  Near  Field  (360*  Point)  CDI  vs  Angle  -  Lower  Antenna  Advanced  10*. 
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Rgure  11-20.  Far  Field  CDI  vt  Angle  -  Lower  Antenna  Advanced  10*. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Figure  11-22. 
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Far  Field  CDI  vs  Angle  -  Lower  Antenna  Advanced  20 
Horizontal  Rjn  at  1000  Feet  Altitude,  31  August  1976. 
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Figure  11-25.  Near  Field  (360®  Point)  GDI  vs  Angle  -  Middle  Antenna  Retarded  12® 
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Figure  11**26.  Far  Field  CDI  vs  Angle  •  Middle  Antenna  Retarded  12 
Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976 
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Rgure  11-27.  Near  Field  (360*  Point)  CDI  vs  Angle  -  Middle  Antenna  Retarded  14 
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Rgure  11-28.  Far  Field  GDI  vs  Angle  -  Middle  Antenna  Retarded  14*, 
Horizontal  l^n  at  1000  Feet  Altitude#  31  August  1976. 
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Rgure  11-30.  Far  Field  GDI  vs  Angle  -  Middle  Antenna  Advanced  14*. 

Horirontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-31.  Near  Reid  (360*  Point)  CDI  vs  Angle  -  Middle  Antenna  Retarded  20*. 


11-51 


90  Hz.  CDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +300 


ELEVATION  ANGLE  (degrees) 

Rgure  11-33.  Near  Field  (360*  Poir>t)  CDI  vs  Artgle  -  Middle  Antenna  Retarded  30*. 
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Rgure  11-34.  Far  Reid  GDI  vs  Angle  -  Middle  Antenna  Retarded  30 
Horizontal  Run  at  1000  Feet  Altitude/  31  August  1976. 
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Rgure  11*35.  Near  Reid  (360*  Point)  COI  vs  Angle  *  Middle  Antenna  Retarded  40*. 
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Rgure  11*36.  Far  Field  COI  vs  Angle  -  Middle  Antenna  Retarded  40* 
Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-37.  Near  Reid  (360*  Point)  CDI  vs  Angle  -  Middle  Antenna  Retarded  50* 
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Rgure  11-38.  Far  Field  GDI  vs  Angle  -  Middle  Antenna  Retarded  50*. 

Horfzontol  Run  at  1000  Feet  Altitude/  31  August  1976. 
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Figure  11-39.  Near  Reid  (360*  Point)  GDI  v$  Angle  -  Middle  Antenna  Retarded  60®. 
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Figure  11-40.  Far  Field  GDI  vs  Angle  -  Middle  Antenna  Retarded  60**. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Figure  11-42.  Far  Field  CDI  vs  Angle  -  Upper  Antenna  Retarded  30*. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-44.  Far  Reid  CDI  v$  Angle  -  Upper  Antenna  Retarded  40*. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 

11-64 


i 

i 


1 


I 


I 


90  Hz.  GDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


(■ 


ELEVATION  ANGLE  (degrees) 

Rgure  11-45.  Near  Reid  (360*  Point)  GDI  vs  Angle  -  Upper  Antenixi  Retarded  50*. 
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Rgure  11-46.  Far  Reid  CDI  vs  Angle  -  Upper  Antenna  Retarded  50*. 

Horizontal  Run  at  1000  Feet  Altitude^  31  August  1976. 
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Rgure  11-47.  Near  Field  (360®  Point)  CDI  vs  Angle  -  Upper  Antenna  Retarded  60*. 
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Rgure  11-48.  For  Field  CDI  vs  Angie  -  Ll|pper  Antenna  Retarded  60*. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-49.  Near  Field  (360®  Point)  GDI  vs  Angle  -  Upper  Antenna  Advanced  60®. 
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Rgure  11-50.  For  Field  COI  vs  Angle  -  Ujpper  ^tenna  Advanced  60 
Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976 
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Rgure  ll-ffi.  Far  Field  CD!  vs  Angle  -  Upper  Antenna  Retarded  70® 
Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976 
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Rgure  11-53.  Near  Reid  (360®  Point)  GDI  vs  Angle  -  Upper  Antenna  Retarded  80®. 
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Rgure  11-54.  Far  Field  CDI  vs  Angle  -  Upper  Antenna  Retarded  80". 

Horizontal  l^n  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-55.  Near  Field  (360*  Point)  CDI  vs  >^gle  -  Upper  Antenna  Retarded  90®. 

11-75 


90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  p  +100  +  200  +  300 


2.d5 


ELEVATION  ANGLE  (degrees) 

Rgure  11-56.  Far  Field  CDI  vs  Angle  -  D^per  Antenna  Retarded  90*. 

Horizontal  Run  at  1000  Feet  Altitude^  31  August  1976. 
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Rgure  11-57.  Near  Reid  (360*  Point)  CDI  vs  Angle  -  Lower  Antenna  Attenuated  1  dB. 
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Figure  11-58.  Far  Field  GDI  vs  Angle  -  Lower  Antenna  Attenuated  1  dB. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-63.  Near  Field  (360*  Point)  CDI  vs  Angle  -  Middle  Antenna  Attenuated  1  dB. 
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Rgure  11*^5.  Near  Reid  (360*  Point)  GDI  vs  Angle  -  Middle  Antenna  Attenuated  2  dB. 
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Far  Field  CDI  vs  Angle  -  Middle  Antenna  Attenuated  2  dB. 
Horizontal  Run  at  1000  Feet  Altitude,  31  Auguft  1976. 
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Figure  11-48.  Far  Field  CDI  vs  Angle  -  Middle  Antenna  Attenuated  4  dB. 

Horizontal  Run  at  1000  Feet  Altitude,  30  August  1976. 
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Rgure  11-69*  Near  Field  (360*  Point)  GDI  vs  Angle  Upper  Antenna  Attenuated  3  dB. 
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Rgure  11-70.  Far  Field  CDI  vs  Angle  -  Upper  Antenna  Attenuated  3  dB 
Horizontal  Run  ot  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-71 .  Near  Reid  (360*  Point)  CD1  vs  Angle  -  Upper  Antenna  Attenuated  6  dB. 
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Rgur*  11-72.  Far  Field  CDI  vs  Angle  -  Upper  ^tenna  Attenuated  6  dB. 

Horizontal  Run  at  1000  Feet  Altitude,  31  August  1976. 
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Rgure  11-73.  Near  Field  (360*  Point)  CDI  vs  Angle  -  Upper  Antenna  Attenuated  10  dB. 
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Figure  11-74.  For  Field  CDI  vs  Angle  -  Ujpper  AnMnna  Aftenuafed  10  dB. 

Horizontal  Rjn  at  1000  Feet  Altltu^,  31  August  1976. 
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Figure  11~75.  Near  Field  (360*  Point)  CDi  vs  Angle  -  Lower  Antenna  Out. 
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Rgura  11-78,  For  Field  CDI  v$  Angle  Lower  Antenna  Shorted. 

Horizontal  Run  at  1000  Feet  Altitude^  I  September  1976. 
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Rgure  tl-79.  Near  Field  (360®  Point)  CDI  vs  Angle  -  Middle  Antenna  Out. 
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Rgure  11-81.  Near  Field  (360*  Point)  CDI  vs  Angle  -  Middle  Antenna  CXit. 
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Rgure  11-83.  Near  Field  (360*  Point)  CDI  vs  Angle  -  Upper  Antenna  ^t. 
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Rgure  11-84.  Far  Reid  CDI  vs  Angle  -  Upper  Antenna  Open. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Rgure  11-66.  Far  Field  CDI  vs  Angle  -  Upper  Anfenno  Shorted. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Rgure  11-88,  Far  Reid  CDI  vs  Angle  -  Modulation  Index  =  .28. 

Horizontal  Run  at  1000  Feet  Altitude/  1  September  1976. 
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Figure  11-89.  Near  Reid  (360*  Point)  CDI  vi  Angle  -  Modulation  Index  -  0.5. 
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Figure  11-90.  Far  Field  GDI  vs  Angle  r  Modulation  Index  =  0.5. 

Horizontal  Run  at  1000  Feet  Altitudei  1  September  1976. 
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Figure  11-92.  Far  Reid  CDI  vs  Angle  -  No  Clearance. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Figure  11-94.  For  Reid  GDI  vs  Angle  -  Maximum  Clearance  Modulation. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976 
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Rgure  11-95.  Far  Reid  CDI  vs  Angle  -  Power  Divider  A+  Clockwise. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Rgure  11-96.  Far  Field  CDI  vs  Angle  -  Power  Divider  A-  Counterclockwise 
Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 

- . --  -  - 


90  Hz. 

-200  -100 


- T" 

2.0 


4.0 


ELEVATION  ANGLE  (d«gre«s) 

Rgure  11-97.  Far  Field  GDI  vs  Angle  -  Povver  Divider  Clockwise. 

Horizontal  Run  at  1000  Feet  Altitude^  1  September  1976. 
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Rgure  11-99.  Far  Reid  CDI  vs  Angle  -  Povrer  Divider  Carrier 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Rgure  11-101.  For  Raid  CDI  vs  Angle  -  Z8  Clockwita. 

Horizontal  Run  at  1000  Feet  Altitude,  1  September  1976. 
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Rgure  11-102.  Far  Reid  CDI  vs  Angle  -  Z8  Counterclockwise. 

Horizontal  Rtm  at  1DD0  Feet  Altitude,  1  September  1976. 
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C.  EvaluaHon  of  Endfire  Glide  Slope  System. 


1.  Introduction.  Ohio  University  has  been  In  the  process  of  evaluating  the 
performance  of  several  models  of  slotted  cable  endfire/  glide  slope  arrays  developed 
by  the  Watts  Prototype  Company  since  1973.  Results  of  initial  tests  were  reported 
In  Technical  Report  FAA-RD-75-153  with  subsequent  activities  and  findings  being 
described  in  these  following  pages. 

Substantial  improvements  hove  been  made  In  the  slotted  cable  system  which 
clearly  overcome  the  inherently  narrow  endfire  pattern  constraints  and  other  deficiencies 
of  earlier  endfire  systems  to  pr^uce  what  Is  judged  to  be  a  very  satisfactory  glide 
slope  structure  in  space. 

Problem  areas  with  endfire  systems  hove  long  been  identified  and  there  is 
general  agreement  on  the  improvements  that  ore  needed.  Briefly  these  problems 
hove  been: 

(a)  Very  narrow  on-course  structure  in  azimuth 

(b)  Fly-down  commands  (existing  to  the  side  of  the  main  on-course 
(localizer)  area 

(c)  Inadequate  signal  strength  due  principally  to  required  long 
transmission  lines 

(d)  Stability 

(e)  Adequate  monitoring 

(f)  Adequate  smoothness  in  transverse  direction. 

Major  system  changes  which  were  tested  chiring  the  first  period  of  this  contract 
included  a  change  in  array  spacing  from  near  600  to  450  feet,  shorter  and  lower  loss 
feed  cables,  and  implementation  of  a  reflector  For  the  slotted  coble  antennas,  change 
of  the  slotted  cable  antennas  from  linear  orientation  to  curvilinear. 


Following  an  analysis  of  the  results  obtained  from  extensive  measurements  on 
this  first  systany  the  Watts  Company  redesigned  the  slotted  coble  antennas  to  prorkice 
a  Mark  2  system.  In  addition  to  the  new  design  for  the  anteniws  which  provided 
more  precise  amplitude  and  phase  control  along  the  aperture,  the  Mark  2  system  was 
novel  in  that  It  used  reflecton  that  increoMd  gain  5  dB,  it  used  plastic  supports  to 
minimize  effects  of  moisture  below  the  slotted  cables  with  7/8  Inch  air-filled  liiws 
feeding  the  antencras,  and  It  provided  for  the  inclusion  of  for-fleld  monitor  pickups 
to  augment  the  integral  monitors  associated  with  the  slotted  cobles. 


The  design  approach  for  the  Mark  2  by  Watts  wos  to  obtain  improved  transverse 
path  smoothness  with  better  control  of  the  aperture  illumination  from  linear  (ZitenrM 
elements.  It  turned  out  thot  a  sigplflcont  penalty  was  incuwed  with  the  requirement 
that  each  antenna  section  of  which  there  were  14  were  different  resulting  In  potential 
logistics  and  test  problems.  ^The  Mark  3  design,  which  followed  15  months  later, 
was  produced  to  allow  for  maximum  duplication  In  sections  through  the  use  of 


uniform  slot  spacing  and  excitations  for  all  but  the  end  elements.  These  were 
organized  In  a.curvilineor  configuration. 

The  Mark  3,  which  is  the  final  version,  has  some  other  new  features.  It  has 
an  auxiliary  transmitting  system  which  is  provided  to  fill  the  regions  either  side  of 
the  localizer  course  with  fly-up  command  signals  and  thus  eliminate  variable  fbg 
and  fly-up,  fly-down  conditions  evidenced  in  the  earlier  endfire  systems.  This 
auxiliary  system  mokes  use  of  the  clearance  transmitter  of  a  capture  effect  transmitt¬ 
ing  system  together  with  two  slotted  cable  sections  located  near  the  mid  area  of  the 
main  array.  Special  monitoring  has  been  added  to  the  Mark  3  to  observe  the  clearance 
signal.  Radiation  from  the  main  antennas  is  monitored  with  a  set  of  6  slotted  coble 
antennas. 

The  end  result  of  several  years  of  design  and  testing  is  very  good.  A  quality 
glide  slope  signal  is  provided  in  space  which  to  the  user  will  not  be  distinguish¬ 
able  from  that  radiated  by  a  conventional  image  system.  The  path  is  sufficiently 
broad  in  azimuth  with  a  smooth  structure  extending  from  the  threshold  to  a  minimum 
usable  distance  of  10  miles.  Fault  testing  of  the  monitors  indicates  that  adequate 
protection  is  available. 

Following  are  discussions  which  relate  with  somewhat  of  a  chronological  theme 
the  details  of  the  Watts  system  evaluation. 

2.  Watts  Mark  I  System.  In  May,  1974,  following  testing  of  the  Watts 
Slotted  Cable  Endfire  (jlide  Slo^  Array  at  the  Shenandoah  Valley  Airport,  Staunton, 
Virginia,  several  conclusions  were  reached  by  the  Federal  Aviation  Administration. 
These  were  that  the  signal  strength  in  the  for-fleld  was  insufficient  when  a  con¬ 
temporary  solid  state  transmitter  was  used  os  a  source  ond  the  azimuth  coverage 
was  marginal.  Further,  it  became  evident  with  the  upslope  present  at  Stountoii 
that  vertical  directivity  would  be ’desirable  for  such  sites.  Finally,  a  complete 
monitoring  had  yet  to  be  accomplished. 

Following  shipment  of  the  Watts  antennas  from  Staunton  to  NAFEC,  Atlantic 
Qty,  New  Jersey,  the  antennas  were  returned  to  the  Ohio  University  Test  Site  at 
the  New  Tamiami  Airport,  Miami,  Florida,  October,  1974  for  the  purpose  of 
experimentally  determining  the  results  of  redesign  of  the  array  by  Mr.  Watts.  The 
redesign  included  a  change  in  spacing  and  orientation  of  the  slotted  cables,  shorter 
and  lower  Iocs  feed  cables,  and  implementation  of  a  reflector  for  the  slotted  cable 
radiators.  See  Figures  11-103  and  11-104. 

a.  Goals.  As  a  result  of  observations  made  in  the  past  with  the 
Watts  system  and  because  of  lock  of  precise  specifications  from  ICAO  or  other 
sources  in  June,  1974,  Flight  Standards  of  the  FAA  promulgated  guidelines  for 
azimuth  coverage  with  the  glide  slopes.  These  guidelines  have  been  adopted  as 
goals  for  the  endfire  system. 


Figure  11-104.  Watts  Mark  I  Antenna  Being  Lowered  for  Tests  to  Determine 
Path  Independence  of  Antenna  Height. 


with  respect  to  azimuth  coverage  the  following  is  given: 


1.  Precise  guidance  is  to  be  available  over  a  ±  5^  (total  10^  azimuth 
sector  measured  from  the  touchdown  point  on  the  centerline  of  the 
runway  (GRIP)). 

2.  Precise  guidance  or  a  fly-up  command  must  be  available  from  5** 
to  at  least  8**  on  both  sides. 

3.  No  flag  alarms  are  permitted  in  the  ±8°  sector. 

With  respect  to  coverage  in  range  these  signals  just  described  must  extend  to  a 
minimum  of  10  nautical  miles,  measured  at  1500  feet  above  the  site.  This  is  con¬ 
strued  to  mean  a  minimum  of  15  microvolts  of  signal,  referenced  to  FAA  calibration 
on  their  DC-3  flight  check  aircraft.  Minimum  range  for  requiring  acceptable  path 
performance  is  considered  to  be  the  100  foot  decision  point  900  feet  in  front  of 
the  threshold. 


b.  Measurements.  The  Watts  Slotted  Cable  Antennas  were  installed 
as  shown  in  Figure  ll-105and  defined  as  Position  Number  8  by  the  Watts  Company, 
Note  that  the  linear  antennas  are  now  both  skewed  and  bowed.  Height  remains  at 
42  inches  above  ground. 

Because  the  lower-loss  cables  were  not  initially  available,  measurements  were 
begun  using  the  original  one-half  inch  spiroline  cable  fed  from  60  feet  of  RG-214/U 
cable.  This  cable  produced  a  12.6  dB  power  loss  going  to  the  Watts  distribution  box, 
located  410  feet  from  the  original  position  of  the  glide  slope  transmitter  hut.  For 
these  tests  this  loss  was  not  significant;  however,  for  the  final  evaluation  the  trans¬ 
mitter  building  will  be  repositioned  as  shown  in  Figure  11-105  to  eliminate  this  power 
loss  and  make  the  installation  more  representative  of  an  operational  facility. 
Frequency  of  operation  was  331.1  MHz,  with  a  TU-4  transmitter. 

This  work  was  considered  as  a  first  phase  of  a  three-phase  measurement  exer¬ 
cise,  the  second  phase  would  involve  checking  the  system  with  the  lower  loss  cables, 
relocated  transmitter,  reflectors  installed,  and  the  final  phase  would  be  a  monitor 
validation  exercise. 

The  objectives  of  the  initial  tests  of  the  first  phase  were  to  determine  the 
path  structure  produced  by  the  new  array.  Ground  data  were  first  taken  using  a 
portable  tower  to  produce  a  DDM  profile  in  the  vertical  plane  cutting  the  runway 
at  the  1000  foot  threshold.  This  is  shown  in  Figure  11-106.  Flight  measurements 
were  then  mode  with  a  Beechcraft  Model  35  and  the  Ohio  University  Minilob. 

Level  transitions,  perpendicular  cuts  at  and  below  path  at  1900  feet  and  29,000 
feet  from  the  array,  normal  approaches  for  flyability,  below  path  clearance  runs, 
and  usable  range  were  obtained.  A  radio  telemetering  theodolite  was  used  for 
a  reference.  The  vertical  path  width  was  set  at  0,79*  between  75  microampere 
points  and  the  path  angle  was  established  at  3.00*. 
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Figure  11-105.  Antenna  Positioning  for  Seventh  Series  of  Watts  Slotted  Cable  Glide 
Slope  Tests.  Position  Number  8.  Mark  I,  Curvilinear. 


Immediately  evident  Is  the  smooth  transition  that  is  typical  of  the  Watts  system 
operating  at  the  Tamiami  Site.  See  Figure  11-107. 

A  perpendicular  out  mode  at  29,000  feet  range  (near  a  typical  outer  marker)  and 
at  1500  ^et  elevation  reveals  two  important  conditions.  See  Figure  11-108.  First 
the  path  is  significantly  broader  in  azimuth  than  observed  with  the  larger,  i.e., 
590-foot,  spacings  of  the  array.  If  flog  current  of  300  microamperes  is  used  arbitrarily 
os  a  criterion,  the  increase  is  approximately  81%  to  a  total  of  28.0**.  Second,  there 
is  a  lateral  slope  with  some  troublesome  corregations.  This  is  particularly  true  since 
the  runway  centerline  extended  (localizer  on-course)  falls  on  a  corregation  whose 
slope  is  70  microamps/degree  azimuth.  A  result  of  this  is  the  apparent  variation  of 
the  glide  slope  path  angle  as  one  moves  laterally  and  a  change  in  path  angle  os  one 
proceeds  across  the  corregation  approaching  the  100  foot  decision  height.  (See  Figure 
11-109.)  It  should  be  remember^  that  in  three  dimensioiKil  space  these  corregations 
emanate  from  the  array  to  make  on  approximate  2  to  5  degree  angle  with  the  runway 
centerline.  When  approaching  the  runway  on  centerline  one  begins  crossing  the 
corregation  structure  to  give  an  indicated  path  angle  change.  If  one  flew  directly 
at  the  array  located  to  the  side  of  the  ranway,  this,  of  course,  would  not  be  the  case. 

Seen  from  the  phase  center  of  the  array  the  far  edge  of  an  8®  coverage  at  the 
100-foot  decision  height  Is  12.5®  and  for  the  near  side  at  10  miles  the  8®  boundary 
is  7.87®  from  the  phase  center.  The  midpoint  of  the  required  20.3®  sector,  there¬ 
fore,  cuts  the  centerline  at  approximately  a  2.3®  angle. 

Figure  11-1 10  shows  that  the  path  is  indeed  quite  flyable  with  the  aircraft 
remaining  within  11  microamperes  (0.05®)  of  the  on-course.  However,  when  the 
output  of  the  differential  amplifier  is  taken  into  account,  it  is  evident  that  the  on- 
course  decreases  in  angle  0.25®  at  54  microamperes  in  the  final  2-1/2  miles  of  the 
approach.  This  is  considered  unacceptable. 

The  flight  recordings  showed  some  differences  when  compared  to  the  calculated 
curves  furnished  by  the  Watts  Company.  Principally  the  difference  was  in  the  greater 
transverse  slope  o^erved  in  the  perpendicular  structure.  An  independent  resurvey 
of  the  array  positioning  was  accomplished  by  the  Watts  Company  in  an  attempt  to 
account  for  the  difference  in  the  field  pattern.  As  a  result  of  this  survey,  several 
of  the  supports  for  the  front  antenna  were  moved  approximately  two  inches  and  data 
retaken.  Figure  1  i-l  1 1  shows  the  result  which  does  not  provide  the  needed  improve¬ 
ment. 

An  additional  check  was  mode  to  determine  tf  sidebond-to-corrier  phasing  was 
optimum.  Shifts  of  30®  advance  and  retard  from  the  reference  were  mode  resulting 
in  deterioration  in  the  perpendicular  patterns  and  general  softening  of  the  vertical 
path  structure  respectively.  See  Figures  11-112  and  11-113. 

Flight  and  field  tests  were  suspended  pending  further  calculations  by  the  Watts 
Company  using  the  slot  amplitude  a^  phase  values  measured  during  this  test  period. 
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Mrbome  Mecnurement  of  Zero  DDM  Llrte  Mode  at  a 
Distance  of  4.8  Mites  from  Transmitting  Antennas  on 
a  Track  Perpendicular  to  the  Runway  Centerline. 
Altitude  1500  feet  above  array.  M^  I,  Curvilinear 


Airborne  Measurement’  oF  Zero  DD^^ 
at  a  Distance  Equal  to  the  Distance 
foot  Decision  Point  on  the  Glide  Sli 
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From  these  calculations  It  is  expected  that  changes  in  the  array  can  be  effected  to 
produce  better  transverse  path  structure. 

c.  Conclusions  Concerning  Operetion  of  Mork  I  Curvilinear  System.  The 
following  comments  are  based  on  measurements  made  on  the  Mark  I  curvilinMr 
system  that  hod  been  reinstalled  at  the  Ohio  University  Tamiami  Test  Site  in  October, 
1974  with  450-foot  spacing  between  slotted  cable  elements. 

(a)  The  glide  slope  produced  is  very  smooth  to  inside  ILS  Point  C, 
the  lOO^foot  decision  height;  however,  the  path  angle  gradually 
decreases  0.33°  during  the  last  three  miles  of  the  approach. 

(b)  Sufficient  azimuth  coverage  exists  to  meet  the  requirement  of  ^  5° 
precise  path  information  and  a  total  of  ^  8°  for  total  safe  course 
or  fly-up  coverage  with  no  flag  present.  Approximately  25° 

of  azimuth  coverage  is  now  available  with  the  450-foot  spacing 
in  the  array.  This  is  on  increase  from  the  600-foot  spacing  of  at 
least  30%. 

(c)  The  perpendicular  cross-section  of  the  path,  i.e.,  the  transverse 
path  structure, is  unsatisfactory  due  to  excessive  lateral  slope 
which  exists  with  significant  osci  I  latioitt.  In  other  words  that 
path  angle  varies  excessively  when  viewed  from  different  azimuth 
angles.  As  much  os  0.58°  difference  was  observed. 

(d)  The  antennas  must  be  carefully  positioned  with  a  tolerance  of  at 
most  a  few  inches. 

3.  The  Watts  Mark  2  System. 

a.  General.  After  obtaining  results  of  the  Mark  1  system  performance 
a  redesign  was  accompRshed  by  Watts  yielding  the  Mark  2  version. 

The  array  and  hardware  rewlting  from  this  redesign  was  made  cvailable  to  Ohio 
Uhiversity  at  their  Tamiami  Test  Site  on  June  23,  1975.  Significant  changes  mode 
in  the  former  endfire  system  were:  (1)  replacement  of  previous  slotted  cables  with 
completely  redesigned  antennas  with  improved  control  of  the  phase  and  amplitude 
slot  distri^tion  to  give  a  more  nearly  theoretically  ideal  value,  (2)  addition  of 
reflector  elements  to  give  approximately  5  dB  more  gain,  (3)  use  of  plastic  supports 
to  minimize  effects  of  moisture  on  antenna  performance,  (4)  use  of  7/8-inch  air- 
filled  transmission  lines  to  decrease  RF  energy  lots,  and  (5)  the  implementation  of 
a  far-field  monitor  to  protect  the  system  from  faults  undetectable  by  integral  monitor¬ 
ing. 


Emphasis  for  the  initial  tests  with  the  Mark  2  was  for  careful  evaluation  of 
available  gain  (referenced  to  a  sideband  reference  system),  determination  of  path 
quality  over  a  ^  5°  azimuth  sector,  ascertaining  that  coverage  existed  over  at 
least  a  8°  sector  In  azimuth,  and  establishment  and  checking  of  monitoring  that 
will  augment  the  integral  monitors.  The  Mark  2  array  was  subjected  to  a  final  set 
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of  fault  tests  on  November  22  and  23,  1975.  The  specific  faults  Investigated  were 
truck  positions  in  front  of,  and  between,  the  antenna  elements,  and  wet  cloths  both 
spread  out  along,  and  lumped  over  the  antenna  elements.  Also  checked  with  differences 
in  glide  path  signal  quality  os  generated  using  a  Wilcox  solid  state  glide  slope  trans¬ 
mitter  and  a  TU-4  glide  slope  transmitter,  and  the  effects  to  the  glide  path  signal 
quality  os  caused  by  an  approximate  three  inch  horizontal  displacement  to  the  end 
of  the  rear  antenna  nearest  the  runway  centerline. 

b.  Data  Collection.  The  Wilcox  solid-state  glide  slope  transmitter 
(equivalent  to  a  Mark  1C)  operating  at  331.1  MHz  was  used  for  exciting  the  system. 

The  companion  monitor  units  typically  operated  with  a  capture-effect  image  system 
were  used  for  processing  sample  signals  and  setting  monitor  alarm  levels.  The  first 
tests  were  run  with  the  array  placed  In  a  location  determined  by  the  Watts  engineers 
and  constrained  by  the  phase  center  being  located  250  feet'from  the  runway 
centerline  and  the  distribution  box  250  feet  from  the  transmitter  building.  A  sketch 
of  the  layout  of  the  tests  is  given  In  Figure  1 1~1 14. 

Watts  engineers  were  able  to  collect  useful  ground  data  on  system  performance 
prior  to  flight  measurements  by  lowering  the  path  angle  to  near  zero  and  recording 
data  on  perpendicular  runt  to  the  runway  centerline,  1000  feet  from  the  array. 

This  is  conceived  as  a  practical  aid  for  future  FAA  installation  engineers. 

Flight  measurements  consisted  basically  of  level  runs  at  1000  feet  altitude, 
on  centeiiine  and  5  and  8  degrees  either  side;  low  approaches  on  centerline  and 
5  degrees  either  side,  and  perpendicular  cuts  to  the  runway  centerline  at  1700  feet, 

5.4  miles,  and  at  100  feet,  at  ILS  point  C.  In  addition,  clearance  runs  below  path 
at  1  degree  on  centerline  and  perpendicular  to  centerline  at  5.4  miles  were  made. 

Signol  strength  measurements  were  made  at  10  miles  on  centerline  and  8  degrees  on 
the  antenna  side  of  the  runway.  All  angular  measurements  were  made  using  one 
and  sometimes  two  theodolites  for  references,  and  range  was  obtained  from  area 
navigation  referenced  to  the  point  on  the  runway  opposite  the  phase  center  of  the 
array.  Two  theodolites  were  used  for  the  off-centerline  runs  to  provide  accurate 
azimuth  tracks  as  well  os  elevation  information  for  the  glide  slope  data.  The 
critical  azimuth  dimensions  dictated  this. 

c.  Measurements  on  the  Mark  2.  Measurements  on  the  Mark  2  system 
stressed  the  determination  of  the  three-dimensional  picture  of  the  structure  and  how 
well  it  would  meet  the  FAA  flight  inspection  requirements. 

Figure  1V>1 15  shows  a  typical  crossover  for  the  Mark  2  system.  A  path  angle 
of  3.03  degrees  Is  shown  (corrected  for  theodolite  error)  with  o  width  of  .64  degree. 
Extremely  smooth  vertical  structure  is  evident.  Symmetry  is  52  percent  below,  48 
percent  above.  A  typical  flyobility  based  on  a  theodolite  controlled  run  is  shown 
in  Figure  I1-11&  From  this  record  :t:3  microamperes  of  irregularity  is  evident  and 
some  of  this  is  in  the  tracking.  As  the  threshold  is  approached  the  irregularities 
in  the  lateral  structure  begin  to  be  evident  (note  Zone  3)  os  the  flight  track  on 
localizer  centerline  begins  to  cut  across  the  undulations  in  the  glide  slope  surface. 
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Figure  11-1 14.  Tamiami  Site  Layout  for  Initial  Series  of  Tests  on  Watts  Marfc  2  System. 
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Nevertheless,  Gitegory  II  structure  and  alignment  tolerances  are  obtained  in  spite 
of  the  non-optimum  lateral  course  structure. 

The  character  of  the  flyability  recording  as  well  os  the  level  passes  for  width 
checks  is  controlled  markedly  by  the  lateral  track  on  the  localizer.  A  later  discussion 
will  elaborate  on  this  further,  but  suffice  it  to  say  at  this  point,  the  flight  recordings 
are  very  dependent  on  the  positioning  with  respect  to  the  localizer  course.  By  main¬ 
taining  accurate  lateral  tracks  good  repeatability  was  obtained.  Figurel  1-117,  which 
shows  a  superimposition  of  three  differential  amplifier  traces  for  low  approaches, 
illustrates  this. 

A  typical  cut  perpendicular  to  the  runway  centerline  at  the  outer  marker,  shown 
in  Figure  IV-IIS,  reveals  that  the  path  varies  .32  degree  (68  microamperes)  total 
from  one  edge  of  the  localizer  to  the  other,  .39  degree  (84  microamperes)  total 
from  one  edge  of  the  ±5  degree  azimuth  sector  required  by  flight  standards  for 
quality  guidance,  and  .46  degree  (99  microamperes)  total  variation  over  the  ±8 
degree  ICAO  sector.  At  one  edge  of  the  localizer  the  path  is  0.2  degree  above 
that  on  centerline  and  on  the  other  it  is  only  .04  degree  high.  The  tolerance  limit 
at  7.5  percent  represents  0.225  degree.  Maximum  variation  in  the  localizer  sector 
path  below  the  nominal  path  (on  centerline)  is  .12  degree  (25  microamperes).  The 
most  undesirable  factor  is  the  0.17  degree  elevation  per  degree  azimuth  rate  of  change 
existing  in  the  localizer  sector.  Total  azimuth  width  when  considering  flag  current 
is  30  degrees  symmetrical  with  centerline. 

In  addition  to  centerline,  measurements  were  made  on  level  cuts  through  the 
path  at  5  degrees  and  8  degrees  azimuth  angles  north  and  south  of  the  centerline 
controlled  by  a  theodolite.  The  reference  point  was  on  runway  centerline  opposite 
the  phase  center  of  the  array,  the  nominal  touchdown  point.  The  vertical  path 
thicknesses  averaged  .61  degree  over  the  ±5  degree  sector,  but  the  path  angle  varied 
from  3.28  to  2.65  degrees  throughout  the  ^5  degree  sector  into  ILS  point  C.  This  is 
excessive  but  the  extreme  is  high  and  at  ILS  point  C.  The  important  finding  is  that  the 
vertical  structure  is  reasonably  linear,  possesses  good  clearance  and  top-side  structure. 
This  is  in  sharp  contrast  to  measurements  mode  on  the  previous  (Mark  1)  set  of 
antennas.  The  quality  course  requirement  for  the  ±5  degree  sector  would  appear  to 
be  met  marginally  wi^  the  existing  azimuth  structure  pattern  but  requirements  for 
the  ^  degree  sector  described  by  ICAO  are  easily  met. 

The  clearance  measurements  mode  at  1  degree  elevation  on  centerline  and 
at  1  degree  elevation  perpendicular  to  centerline  5.4  miles  from  the  array  showed 
everywhere  that  more  than  200  microamperes  existed.  This,  too,  is  in  contrast  to 
the  Mark  1  array  where  vnall/  weak  points  in  clearance  were  evident. 

The  Watts  Prototype  Company  has  performed  extensive  system  calculations 
some  of  which  predict  the  path  structure  in  space.  It  is  instructive  to  compare  the 
measured  path  values  with  those  calculated,  for  the  indication  Is  that  accurate 
predictions  are  obtainable  from  the  calculatioiis.  Figures  11-119  and  11-120  show 
direct  comparison  of  calculated  and  measured  values. 


11-143 


Figure  11-118.  Copy  of  Flight  Recording,  Perpendicular-Cut  to  Runway 
Centerline  at  5.4  Miles.  Watts  Mark  2. 


Because  of  a  lack  of  a  field  strength  standard  and  a  good  comporlson  presently 
between  receiver  terminal  voltages  os  they  are  read  by  the  FAA  and  by  Ohio  Univeraity, 
signal  strength  measurements  and  reports  are  confined  to  readings  comporing  the  signal 
strength  produced  by  the  Watts  system  with  a  sideband  reference  antenna,  3-dipole 
element  with  comer  reflector  7.1  feet  above  ground,  35  foot  RG-214/U  coaxial  feed 
cable  with  a  3  dB  pod.  At  10  miles,  1500  feet  altitude,  on  centerline  the  Watts 
system  was  9.5  dB  below  the  sideband  reference  antenna  and  9.6  below  at  8  degrees 
north.  These  measurements  were  made  without  the  reflectors  installed  on  the  Watts 
antennas.  The  reflectors  are  calculated  to  give  5  dB  increase.  Removal  of  250  feet 
of  foonr-filled  line  will  give  about  4  more  dB  signal  increase  in  a  practical  operation. 

At  best  these  would  provide  but  marginal  usable  distance. 


d.  Monitoring  of  the  Watts  Mark  2. 


(1)  Introduction.  Monitoring  of  the  Watb  Mark  2  Array  is  accomplished 
by  a  combination  of  integral  and  far-field  monitors.  The  integral  monitors,  "on-path" 
and  "below-path",  sample  signal  energy  from  the  two  antennas  and  combine  this  energy 
to  simulate  on-path  and  below-path  conditions.  Far-field  monitoring  was  at  first 
accomplished  by  a  single  monitor  unit  located  approximately  875  feet  ahead  of  the 
phase  center  of  the  antennas  and  on  a  line  between  the  array  phase  center  and  the 
middle  marker.  The  July  3,  1975,  series  of  tests  was  performed  using  this  single  far- 
field  monitor  and  the  integral  monitors.  For  the  August  13,  1975,  tests  two  additional 
far-field  monitor  probes  were  added,  located  875  feet  from  the  array  phase  center, 

and  50  feet  and  100  feet,  respectively,  beyond  the  first  monitor  in  a  direction,  away 
from  the  runway. 

(2)  Establishment  of  the  Monity  Alarm  Limits.  Prior  to  the  July  3, 

1975,  fault  tests,  the  integral  and  original  far-field  monitor  alarm  limits  were  set 
according  to  procedures  supplied  by  the  Watts  Prototype  Company  in  the  manual 
"Preliminary  Instructions  -  .Twp^Antenna  End-Fire  Glide-Slope  A-ray",  Sectfon  6.4, 
Monitor  Alarm  Limit  Setup.^  ^  The  results  of  this  setup  using  the  Wilcox  Glide-Slope 
Station,  Type  1232,  are  as  follows: 

Section  6.4.1:  Sidebond  Amplitude 


"Monitor,  On-Path"  Sideband  Amplitude  DDM 

Line  Stretcher  Setting  Control  Setting  "Path"  uionnel 


2.26* 

2.06" 

2.46" 

2.96" 


32  "Normal"  .175 

43 'N^ide  Alarm"  .175 

16  "Narrow  Alarm"  .175 

32  "Normal"  .000 


*  See  page  1^-778  for  references  for  Section  XI. 
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Section  6.4.2:  Sideband  Phase 


"Monitor,  On-Poth”  DDM 

Line  Stretcher  Setting  "Path"  Channel 


"  Sideband- Phase" 
Control  Setting 


2.26* 

2.06" 


2.06® 

2.96® 


.175 

5  Advance 

.175 

45  Advance  (Wide 

Alarm  Dephase  Advance) 

.175 

12  Retard  (Wide 

Alarm  Dephase  Retard) 

.002 

5  Advance 

Section  6.4.3:  Path  Channel 


"Path- Angle" 
Line-Stretcher  Setting 

2.96® 

2.76® 

3.16® 


Path  Channel  DDM 


.004  (150Hz) 
.046  (90Hz) 
.056  (150  Hz) 


Section  6.4.4:  Width  Channel  (Monitoring  Far-Field  Signal) 


"Sideband-Amplitude"  DDM 

Control  Setting  Far-Field  Channel 


Wide  Alarm  (43)  .320  (150Hz) 

Narrow  Alarm  (17)  .550  (150Hz) 

Normal  (32)  .404  (150Hz) 


The  width  channel  DDM  dial  was  set  to  ze'^,the  DDM  nneter,  and  the  alarm 
indicators  set  to  give  the  proper  alarm  condition  operation. 

The  conditioru  existing  ot  the  glide  slope  station  at  the  outset  of  the  testing 
July  3,  1975,  were: 

A.  Glide  Slope  Transmitter 

Carrier  Power  4  Watts 

Sideband  Power  340  Milliwatts 

B.  Monitor  Panel 


Monitor  Channel 

RF  Level 

DDM 

%  Mod 

Path  (Integral  Path  Monitor) 

OdB 

.002  (150Hz) 

93% 

Width  (Far-Field  Monitor) 

OdB 

.410  (150Hz) 

98% 

Clearance  (Integral  Below- 

OdB 

— 

100% 

Path  Monitor) 


C.  Flight  Check 

Path  Angle  =  3.01  ®  .  ,  ,  .  ^  , 

Path  Width  =  0  66®  average  values  determined  by  flight  checks. 

Prior  to  the  August  13,  1975,  fault  tests  two  additional  far-field  monitors 
were  installed  and  their  alarm  limits  set  to  m  Jtrh  those  of  the  original  far-field 
monitor,  i.e.,  the  DDM  meter  set  for  a  full  i.  uie  indication  of 

i  .075  x  2  =  ±  .150  DDM 

The  alarm  indicators  were  set  at 


+  .075  x  2  =  +  .150  DDM 
-  .040  x  2  =  - .080  DDM 

Note  that,  under  normal  (no  fault)  conditions,  the  three  far-field  monitors 
detected  different  values  of  DDM.  With  all  three  needles  zeroed  on  the  DDM  meters, 
the  respective  settings  on  the  digital  DDM  dials  were,  at  the  stcn-t  of  the  August  13, 

1975  tests,  as  follows: 

Monitor  *  1  444  DDM  (2  x  222  DDM) 

(original  unit) 

^  2  420  DDM  (2  X  210  DDM) 

'3  410  DDM  (2x205  DDM) 

This  response  is  indicative  of  the  non-uniform  path  structure  in  a  direction  perpendicular 
to  the  runw<iy  centerline. 


below: 


(3)  Faults.  The  faults  introduced  into  the  system  are  listed 


Number 
(July  3,  1^75) 

1 

2 

3 

4 

5 

6 

7 

8 


Fault 


Open  feed  line  to  Front  antenna 
Open  feed  line  to  Rear  antenna 
Short  feed  line  to  Front  antenno 
Short  feed  line  to  Rear  antenna 

Decrease  Sideband  Power  for  broad  alarm  (340 - >  200 

milliwatts) 

Sideband  Phase  -  Retard  (12  R  setting) 

Sideband  Phase  -  Advance  (45A  setting) 

Decrease  Percent  Modulation  (95%  to  70%  on  Integrol 
Path  Monitor  %  Mod.  Channel) 


11-150 


9 


August  13,  1975 
16 


Unbalance  Tone  -  90  Hz  high  (unbalance  until 
reach  alarm  condition) 

Unbalance  Tone  -  150  Hz  high 

Attenuate  signal  to  Front  antenna  (2  dB  attenuation) 

Attenuate  signal  to  Rear  antenna  (2  dB  attenuation) 

Park  truck*  in  front  of  Front  antenna  -  Position  1 
(see  Figure  11-121) 

Park  truck  in  front  of  Rear  antenna  -  Position  2 
(see  Figure  11-121) 

Move  center  of  Rear  antenna  forward  6  inches 

Three  wet  cloths  over  center  slots  on  Rear  antenrui 
(slots  *48,  49,  50) 

Three  wet  cloths  over  center  slots  on  Front  antenna 
(slots  *U,  45,  46) 

Drop  center  of  reflector  element  over  Front  antenna 
Drop  center  of  reflector  element  over  Rear  antenna 
Lower  center  of  Rear  antenna  by  removing  two  center 
support  stands 

Lower  center  of  Front  antenna  by  removing  two  center 
support  stands 

Move  center  of  Front  antenna  forward  3  inches 
Move  center  of  Rear  antenna  forward  3  inches 
Pork  truck  in  front  of  Rear  antenna  -  Position  3 
(see  Figure  1V-121) 

Park  truck  in  front  of  Front  antenna  -  Position  4 
(see  Figur*  11-121) 

Park  truck  at  distribution  box  -  Position  5  (see  Figure  11-121) 
Park  truck  in  front  of  Rear  antenna  -  Position  6 
(see  Figure  11-121) 

One  wet  cloth  over  center  slot  of  Rear  antenna  (slot  ^49) 

One  wet  cloth  over  center  slot  of  Front  antenna  (slot  *45) 
Release  air  pressure  from  distribution  lines 


(4)  Monitor  Results.  A  total  of  30  faults  was  introduced  into  the 
system  and  the  corresponding  monitor  responses  were  recorded.  The  corresponding 
flight  checks  consist^  of  a  level  past  on  centerline  at  an  altitude  of  1(XX)  feet  to 
check  path  angle  and  path  width,  and  a  perpendicular  out  at  a  dUttmce  of  5.4  miles 
at  an  altitude  of  1700  feet  to  check  the  path  structure  in  azimuth.  From  this  the 
approach  path  structure  can  be  inferred. 


”  The  truck  used  for  these  tests  was  a  1972  Ford  Club  Wagon  with  the  following  external 
dimensions}  Length  -  14  feet,  9  inches;  Height  -  6  feet,  4  inches;  Width  -  6  feet, 

2  inches. 
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Plan  View:  1  Inch  =  50  ft. 

*These  Numbers  Indicate  Radiation  Slots 


Table  11-5  summarizes  the  results  of  the  tests,  showing  that  for  the  30  faults 
investigated,  the  monitor  responses  and  the  flight  che^  results  agree  perfect!/  in 
20  cases  (both  indicated  15  oub^f-tolerance  and  5  in-tolerance  conditions)  and 
disagreed  in  10  cases.  Hie  monitors  indicated  5  cases  out-of-tolerance  with  the 
aircraft  showing  in-tolerance  conditions  and,  unfortunately,  the  aircraft  sow  5 
out-of-tolerance  conditions  while  the  monitors  were  not  in  alarm  (see  Table  11-4). 


Table  11-4.  Fault  Events. 


Table  1 1-5  lists  the  monitor  responses  and  flight  check  data  with  the  out-of-tolerance 
conditions  underlined.  Uhfortunately,  during  the  first  set  of  tests  from  July  3,  1975, 
only  the  alarm  conditions  were  recorded  for  the  monitor  responses  in  most  cases  and 
thus  an  entry  in  Table  1 1-5  of  a  double  dash  ( — )  indicates  a  non-alarm  state  of 
the  monitor,  but  not  necessarily  a  normal  monitor  condition. 

(5)  Discussion  of  Results.  Following  is  a  discussion  of  the  10  fault 
conditions  for  which  the  monitor  responses  and  the  aircraft  flight  check  results  were 
not  in  agreement. 

Cose  It  Uhdesiroble 

(Monitor  out-of-tolerance;  aircraft  recordings  in-tolerance) 

Fault  ^6  -  Retard  Sideband  Phase 

Far-Field  Monitor  ^1  at  alarm  limit  of  330  DOM 

Flight  check  showed  nonnol  path  3%  ond  width  0.69*, 

and  good  shucture,  5.7%*  ^ 


MONITOR  RESPONSE  FLIGHT  CHECK 


'n.o.  -  fwt  opplloobl*  a«  only  one  for-fleld  monitor  wot  inttolled  for  the  fault  checks  of  Set  1 . 
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Figure  11-122.  Watts  Mark  II  Glide  Slope  Array  with  Deliberate  Alignment  Fault. 


Fault  ^10  -  Tone  Unbalance/  150  Hz  High 

Integral  path  monitor  was  at  limit  of  .054  DDM  (150Hz). 

Flight  check  showed  a  path  angle  of  3. 19®  or  0.01  *  from  the 
upper  limit.  The  width,  0.67®,  and  structure,  4.8%, 
were  good. 

Fault  ^11  -  Attenuate  Signal  to  Front  Antenna  b/  2  dB 

Integral  path  monitor  alarmed  at  -1 . 1  dB . 

Flight  check  showed  a  lowered  path  angle,  2.85®  increased 
width,  0.78®,  and  fair  structure,  6.9%. 

Fault  ^12  -  Attenuate  Signal  to  Rear  Antenna  by  2  dB 

Integral  path  monitor  alarmed  at  -1.25  dB. 

Integral  below  path  monitor  alarmed  at  -1 .3  dB. 

Flight  check  showed  a  raised  path  angle,  3.11®,  a  narrow 

width,  0.54®,  and  the  structure  getting  rough,  7.2%. 

Fault  ^22  -  Move  Center  of  Front  Antenna  Forward 

Far-Field  Monitor  f2  alarmed  at  -1.8  dB. 

Flight  check  showed  the  path  to  be  high,  3.18®,  and  narrow, 
0.55®,  but  smooth  in  structure,  2%. 

In  a  normally  operating  and  properly  adjusted  system,  the  occurrence  of 
conditions  similar  to  faults  ^6,  10,  11,  12,  or  22  would  indicate  an  abnormal 
change  in  the  system  and  the  alarm  would  tend  to  alert  maintenance  personnel 
to  take  the  appropriate  corrective  measures. 

Cose  II;  Dangerous 

(Monitors  in-tolerance;  flight  check  out-of-tolerance) 

Fault  ^14  -  Truck  at  Position  ^2  (see  Figure  1H21). 

Flight  check  showed  a  lowered  path,  2.88®,  and  width,  0.71®, 
but  a  very  rough  structure,  16%. 

Far-Field  Monitor  ^1  was  80%  into  alarm  at  .500  DDM. 

Fault  ^5  -  Truck  at  Position  ^4 

Flight  check  showed  normal  path  angle,  3®,  but  narrow  width, 
0.55®,  and  rough  structure,  10%. 

Far-Field  Monitor  ^2  was  75%  into  alarm  at  .360  DDM. 

Fault  ^27  -  Truck  at  Position  ^6 

Flight  check  showed  a  lowered  path  angle,  2.86®,  and  normal 
width,  0.65®,  but  rough  structure,  12%. 

Far-Field  Monitor  ^1  was  75%  into  alarm  at  .380  DDM. 
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Fault  f28  -  One  Wet  Cloth  Over  the  Center  Slot  of  the  Reor  Antenna 

Flight  check  showed  o  path  angle,  3.16%  approaching  the  upper 
limit  and  path  width,  0.52®,  approaching  the  narrow  limit. 

The  structure  was  rough,  12%. 

Far-Field  Monitor  ^1  was  65%  into  alarm  at  .396  DDM. 

Fault  f29  -  One  Wet  Cloth  Over  the  Center  Slot  of  the  Front  Antenna 

Flight  check  showed  a  lowered  path  angle,  2.87®,  and  narrow 
width,  0.59®,  but  a  rough  structure,  11%. 

Far-Field  Monitor  ^2  was  80%  into  alarm  at  .360  ODM. 

For  faults  ^14,  25,  and  27,  the  position  of  the  truck  in  front  of  either  the 
front  or  rear  array  element  was  carefully  selected  so  that  the  monitors  indicated  a 
marginal  in-tolerance  condition.  Movement  of  the  truck  a  few  feet  in  either 
direction  along,  and  parallel  to,  the  array  would  put  one  of  the  far-field  monitors 
into  alarm. 

Faults  ^28  and  29,  while  physically  unusual  in  that  several  thick  layers  of 
wet  cloth  were  wrapped  around  an  antenna  radiation  slot,  point  out  the  need  to 
keep  the  antenna  radiation  slots  clear  of  any  possible  obstructions. 

(6)  Effects  of  Transmitter  Chong^yer.  The  Watts  Mark  2  Array 
was  tested  over  a  period  of  5A/2  months  ^rom  mid- June,  1975  to  the  end  of  November, 
1975  and  during  tl^t  period  the  orroy  was  energized  either  by  a  Wilcox  Mark  1-C 
solid  state  transmitter  generating  4  watts  of  carrier  power,  or  by  a  TU-4  tube  type 
transmitter  generating  approximately  10-12  watts  of  carrier  power.  Although  In 
a  typical  installation  the  antenna  power  distribution  feed  box  would  be  located 
inside  the  glide  slope  hut,  at  Tomlami  It  was  necessary  to  locate  this  distribution 
box  In  the  field  approximately  250  feet  from  the  transmitter  hut  and,  even  though 
low-loss  transmission  lines  were  used,  there  resulted  only  1.75  watts  of  can-ler 
power  into  the  distribution  box  when  using  the  Wilcox  transmitter.  In  order  to 
insure  adequate  signal  strength  in  space,  the  TU-4  transmitter  which  provided 
between  2.5  ond  3  watts  of  carrier  power  into  the  distribution  box  was,  therefore, 
used  for  some  of  the  flight  checks.  Except  for  the  large  difference  in  power  output, 
this  use  of  two  transmitters  does  In  fact  correspond  to  a  possible  situation  at  a 
commissioned  facility  where  two  transmitters  would  be  used.  The  effects  of  chang¬ 
ing  from  one  transmitter  to  the  other  are  shown  In  Table  11-6  which  gives  the 
monitor  dial  settings  necessary  to  obtain  a  zero  DDM  Indication  on  the  monitor 
panel  meters,  and  the  path  angle  and  width  os  measured  by  flight  check,  and  In 
Figure  11-1233  which  shows  the  perpendicular  glide  path  structure  os  meoMred  at 
a  distance  of  5,4  miles  fron  the  array.  From  Figure  11-123a,  It  con  be  seen  that 
in  the  *3  degree  sector  about  the  extended  runway  centerline,  using  the  TU-4 
transmitter,  the  glide  path  angle  went  from  2,87  degrees  to  3,07  degrees  for  a 
change  of  0,20  degree,  with  the  corresponding  values  using  the  Wilcox  transmitter 
being  2.94  degrees  to  3.19  degrees  for  a  change  of  0.25  degree.  Also,  the  per¬ 
pendicular  structures  using  the  two  transmitters  both  exhibit  the  same  oscillation  on 


CDI  (microamps.) 
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Localizer  CDI 


Glide  Slope  CDI 


Perpondiculor  Path  Slructura  from  the 
Wotts  Array  when  fed  by  the  TU-4 
Transmitter.  This  nin  was  prior  to,  bi 
in  the  opposite  direction  from  the  run 
in  Figure  123a.  Note  the  absence  of 
oircraft  overflight  interence  on  this 
recording. 


TRANSMITTER 

MONITOR  DIAL  SETTINGS  TO 
ZERO  DDM  METERS 

FLIGHT  CHECK 

integral  far-field 

path  '1  *2  *3 

path  path 
angle  width 

TU-4 

.070  .  330  .  346  .  390 

2.94  0.62 

(90  Hz) 

Wilcox 

.084  .313  .331  .369 

2.98  0.70 

(90  Hz) 

Table  11-6.  Effecb  of  Changing  Transmitters  on  the  Watts  System. 

the  north  side  of  the  centerline  between  3  degrees  and  8  degrees  and  the  same  large, 
150  Hz,  excursion  at  approximately  6  degrees  on  the  south  side  of  the  centerline. 

A  recording  in  the  opposite  direction  for  the  TU-4  transmitter  is  shown  in  Figure 

n-123b. 

(7)  Effects  of  Antenna  Displacement.  In  a  permanent  installation, 
one  parameter  that  must  be  maintained  is  antenna  position  or  alignment.  At  some 
point  in  the  latter  half  of  the  test  period  for  the  Watts  system  (i.e. ,  sometime 
between  the  beginning  of  September,  1975  and  the  end  of  November,  1975)  the 
end  nearest  the  runway  centerline  of  the  rear  antenna  was  Inadvertently  displaced 
approximately  3  inches  forward,  the  most  probable  cause  of  the  displacement  being 
that  the  end  antenna  support  was  jarred  by  a  piece  of  mowing  equipment.  The 
effects  of  this  antenna  misalignment  ore  illustrated  in  Table  11-7  and  in 
Figure  11-124 . 


CONDITION 

MONITOR  DIAL  SETTINGS  TO 
ZERO  DDM  METERS 

FLIGHT  CHECK 

integral  far-field 

path  '1  *2  '3 

path  path 

angle  width 

array  end 
displaced 

.084  .313  .331  .369 

(90  Hz) 

2.98  0.70 

array 

straightened 

.086  .  320  .  336  .  370 

(90  Hz) 

3.01  0.74 

Table  11-7.  Effects  of  Antenna  Misalignment. 


11-163 


Flgur*  n-124.  P*rp#ndlculQr  Path  Stiuctur*  From  tha  Watts  Array  Showing  th« 
Effoet*  of  Antonna  Mliaitgnmont.  (Wilcox  Tranimittar) 


While  the  results  listed  in  Table  11-7  show  almost  negligible  change 
resulting  from  straightening  the  end  of  the  rear  antenna,  an  examination  of  the 
perpendicular  path  structures  as  illustrated  in  Figure  11-124  shows  that  a  definite 
improvement  to  the  perpendicular  path  structure  occurred  after  the  array  was 
straightened,  especially  to  that  portion  of  the  path  structure  that  existed  in  space 
on  the  south  side  of  the  extended  runway  centerline.  Also,  within  the  ^  degree 
sector  about  the  extended  centerline,  straightening  the  array  resulted  in  improving 
the  dispersion  of  the  path  angle  from  0.25  <  agree  (from  2.94  degrees  to  3. 19  degrees) 
to  0. 15  degree  (from  2.89  degrees  to  3.04  v«grees). 

(8)  Faults.  For  the  final  series  of  tests  on  the  Watts  Mark  2  system, 
seven  fault  conditions  were  Investigated,  and  the  selection  of  these  faults  was 
predicated  on  the  results  of  the  initial  fault  tests  which  were  performed  in  July 
and  August  of  1975.  The  results  of  those  initial  fault  tests,  which  are  summarized 
In  Table  11-8,  showed  five  fault  conditions  labeled  as  dangerous;  that  is,  there 
were  five  fault  conditions  that  did  not  give  a  monitor  alarm  but  which  were  shown 
to  be  out-of-tolerance  an  the  aircraft  flight  check  results.  Of  the  five  conditions 
that  exhibited  this  unsatisfactory  monitor  response,  three  were  truck  positions  In 
front  of  the  antennas,  and  two  were  foreign  objects  on  the  antenna. 

In  view  of  the  above,  the  Final  fault  tests  concentrated  on  these  two  types 
of  faults,  namely  vehicular  presence  around  the  antennq  and  foreign  objects  on 
the  antennas.  The  faults  Introduced  into  the  system  were: 

Number  Fault 

(November  23,  1975) 

31  One  layer  of  wet  cloths  spread  out  along  the  rear  antenna 
between  slots  ^31  to  ^58. 

32  Four  wet  cloths  (one  each)  lumped  over  slots  ^45,  ^46, 

^47,  and  ^48  on  the  reor  antenna. 

33  Truck  position  ^7,  125  feet  ahead  of  the  front  antenna, 
between  slots  ^4  and  ^13  (north  end). 

34  Truck  position  ^8,  125  feet  ahead  of  the  front  antenna, 
between  slots  ^47  and  ^56  (center). 

35  Truck  position  ^9,  125  feet  ahead  of  the  front  antenna, 
between  slots  ^80  and  ^89  (south  end). 

36  Truck  position  ^10,  between  the  two  antenna  elements, 
in  line  with  the  phase  center,  with  the  truck  positioned 
for  a  maximum  disturbance  of  the  for-field  monitor  DDM 
indicator. 


Out  of  In 

Tolerance  Tolerance 


MON 

1  T  O  R  S 

in  Tolerance 

Out  of  Tolerance 

A  (5) 

U(6) 

D(5) 

A  (15) 

Table  11-8.  Fault  Events.  A  comparison  of  Monitor  Status  and 
Aircraft  Flight  Check  Results  for  the  Fault  Tests  of 
July  3  and  August  13,  1975.  The  three  states 
illustrated  by  the  matrix  are  defined  as  acceptable 
(A),  undesirable  (U),  or  dangerous  (D). 
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Two  layers  of  semi-don^  cloths  spread  out  along  the  Front 
antenna  between  slots  '32  and  ^69. 

Chart  recordings  were  made  of  the  far-field  monitor  responses  that  resulted 
from  the  presence  of  a  van  being  driven  parallel  to  the  antenna  elements  at  distances 
of  75  feet,  100  feet,  and  125  feet  ahead  of  the  front  antenna,  and  also  between  the 
antennas  at  the  array  phase  center. 

(9)  Results.  For  each  of  the  seven  faults  introduced  into  the 
system,  the  corresponding  monitor  responses  were  recorded,  and  the  corresponding 
flight  checks  made.  The  Flight  checks  consisted  of  a  level  pass  at  an  altitude  of 
1000  feet  to  check  path  angle  and  path  width,  and  a  perpendicular  cut  at  a  distance 
of  5.4  miles  and  altitude  of  1700  feet  to  check  the  path  structure  in  azimuth.  Table 
Jl-9  summarizes  the  results  of  the  seven  foult  tests,  showing  that  the  monitors’ 
responses  agreed  with  the  flight  check  results  in  six  of  the  seven  cases,  and  disagreed 
in  only  one  case.  For  the  case  where. the  disagreement  occurred,  the  monitors  in¬ 
dicated  on  alarm  condition  while  the  flight  check  results  showed  that  the  path  angle 
hod  dropped  0.17  degrees  out  of  the  maximum  permissible  0*20  degrees  change. 
Although  this  cose  would  be  considered  as  undesirable  in  that  the  monitor  removed 
the  facility  from  service  prematurely,  the  data  in  Table  11-9  shows  the  monitor 
system  to  be  only  slightly  conservative  in  nature.  In  fact,  of  the  three  far-field 
monitors  in  operation,  unit  ^1  showed  only  a  slight  change  in  DDM  value,  unit 

^2  showed  no  change  at  all,  and  unit  ^3  alone  registered  on  alarm  condition. 

The  locations  for  the  truck  position  faults  were  determined  by  first  observing 
the  far-field  monitor  responses  while  the  truck  was  driven  at  a  slow  speed  parallel 
to  the  antenna  elements,  first  between  the  antenna  elements  on  a  line  through  the 
array  phase  center,  and  then  ahead  of  the  front  antenna  at  distances  of  75  feet, 

100  feet,  and  125  feet.  At  the  some  time,  both  the  signal  strength  (RF  level)  and 
DDM  indications  for  far-field  monitor  unit  ^1,  and  the  DDM  indication  only  for 
far-field  monitor  unit  ^2  were  recorded,  and  these  chart  recordings  are  shown  in 
Figure  1 1-125.  An  examination  of  Figure  11-125  shows  that  whi  le  only  a  60% 
alarm  condition  was  obtained  with  the  truck  between  the  antenna  elements,  alarm 
conditions  were  recorded  with  the  truck  at  the  100  foot  distance  ahead  of  the  front 
antenna.  At  the  125  foot  distcrce,  far-field  monitor  unit  ^1  reached  only  a  65% 
DDM  alarm,  but  still  exceeded  momentarily  the  -1  dB  RF  level  alarm  limit. 

(10)  System  Stobility  Monitoring  for  the  ^rk  2.  The  purpose  of  this 
section  is  to  present  the  results  of  long-term  monitor  tesh  for  the  Watts  Mark  2 
Glide  Slope  Array.  These  tests  were  run  continuously  from  September  13  through 
November  3,  1975,  except  for  a  two-week  period  between  October  4  and  October 
21,  1975,  during  which  time  the  system  was  shut  down  while  the  transmitter  hut 
air-conditioner  was  being  repaired. 

The  monitor  distribution  setup  of  the  Watts  Array  is  diagrammed  in  Figure 
,)  1-126.  The  transmitter  hut  was  located  approximately  250  feet  From  the  dis¬ 
tribution  box  and  the  distribution  box,  which  would  normally  be  inside  the  hut. 
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Figure  1W25,  For-Field  Monitor  *1  RF  Level  and  DDM  and  Far-Field  Monitor  ^2 
ODM  Responses  to  Vehicular  Traffic  Along  the  Phase  Center  and  at 
75,  100,  and  125  Foot  Distances  Ahead  of  the  Front  Antenna. 
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Plan  View:  1  Inch  =  200  Feet 


Figure  11->12S.Watts  Mark  2  Glide-Slope  Set  Up  at  the  Ohio 
University  Test  Site,  Tamiami,  Florida. 


was  exposed  in  the  field.  This  setup,  of  course,  required  these  long  carrier  and 
sideband  feed  lines  from  the  transmitter  to  the  distribution  box  and  from  this  box 
to  the  monitor  detector  units  located  in  the  transmitter  hut.  All  signal  feed  lines 
and  monitor  lines  at  the  Tomlaml  site  were  exposed  on  the  surface  of  the  ground, 
while  at  a  permanent  site  these  lines  would  be  buried  underground. 

(11)  Monitor  Dato.  The  Watts  Array  was  energized  by  a  Wilcox 
Model  1 C  solid  state  transmitter,  providing  4  watts  of  carrier  power  at  a  329.9  MHz 
test  frequency.  After  taking  into  account  line  losses,  the  available  carrier  power 
into  the  distribution  box  was  1.6  watts.  The  system  was  flight  checked  on  September 
12,  1975  using  a  Beechcraft  Model  35  aircraft  equipped  with  the  Ohio  University 
Minilob.  These  checks  showed  that  the  system  was  providing  a  glide  path  angle 
of  3.06*  with  a  poth  width  of  0.70*. 

Monitoring  of  the  Watts  Array  was  accomplished  by  a  combination  of  integral 
and  far-field  monitor.  The  integral  monitor  units  were  set  to  check  the  path  angle 
and  below-path  signals.  Three  far-field  detectors  located  850  feet  ahead  of  the 
array  phase  center  monitored  the  below-path  signal  at  a  0.23*  elevation  angle. 

The  corresponding  monitor  output  at  this  angle  was  approximately  0.200  x  2  = 

0.400  DDM.  The  far-field  and  integral  path  DDM  values  were  recorded  on  a 
Honeywell  Model  19  recorder,  while  the  far-field  RF  level  was  recorded  on  on 
AstroMed  hot-pen  recorder.  The  AstroMed  recorder  was  later  replaced  by  a  second 
Honeywell  recorder  which  then  also  permitted  recording  either  the  output  of  the 
below-path  Integral  monitor  or  the  output  of  the  transmitter  modulator  carrier  test 
signal.  The  alarm  limits  of  the  recorded  parameters  were  marked  on  the  charts  at 
various  intervals,  os  well  as  dates,  time  of  day,  and  general  weather  conditions. 
Also  the  outside  temperature,  as  well  as  the  temperature  as  read  from  a  thermometer 
taped  to  one  of  the  coaxial  feed  lines,  was  periodically  marked  on  the  charts. 

The  individual  responses  of  the  integral  on-path  monitor,  the  modulator 
carrier  test  output,  and  the  far-field  monitor  signals  to  changes  in  the  transmitter 
modulation  balance,  sideband  phase,  sideband  amplitude,  and  percent  modulation 
are  shown  in  Figure  11-127.  From  this  figure  it  can  be  seen  that  while  both  the 
integral  and  far-field  monitors  were  very  responsive  to  changes  in  modulation 
balance  and  sideband  amplitude,  changes  in  sidebotKl  phase  were  best  detected 
only  by  the  far-field  monitor,  while  changes  in  percent  modulation  were  detected 
by  the  integral  monitor.  The  modulator  carrier  test  output  responded  to  changes 
in  modulation  balance  but  showed  almost  no  responses  to  changes  in  the  other 
parameters. 

Continuous  recordings  were  mode  of  the  integral  path  and  the  far-field 
monitor  channels  at  a  recorder  speed  of  6  inches/hour.  The  charts  for  the  period 
of  September  18,  1975  through  September  20,  1975  were  reduced,  using  the  monitor 
averaged  over  one  hour  to  make  the  composite  chart  shown  In  Figure  1 1-128. 

As  can  be  seen,  the  integral  path  monitor  was  very  erratic,  especially  on  September 
18,  and  indicated  an  out^f-tolerance  condition  from  1400  hours  to  1600  hours 
(Eastern  Daylight  Savings  Time).  Figures  11-129a,b,c  ore  reproductions  of  the 
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ON-PATH  MON.  CARRIER  TEST  OUT.  FAR-FIELD  MON. 
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Figure  1V127,  Reiponfe  of  Ihe  Integral  Monitor,  For-Field  Monitor, 

and  the  Modulator  Carrier  Test  to  Changes  In  Transmitter 
Parameters. 
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Figure  11-128.  Monitor  Response  for  the  Period  of  September  18  to 
September  21,  1975. 
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actual  chart  recordings  for  the  periods,  marked  A,  B  and  C  on  Figure  11-128, 
from  0630  to  0800  hours,  0930  to  1100  hours,  and  1400  to  1530  hours  on  September 
18,  1975. 

The  far-field  monitor  was  relatively  stable  over  these  periods,  varying  from 
a  maximum  of  “tO.ObO  DDM  to  a  minimum  of  'K).012  DDM  os  measured  from  the  far- 
field  monitor  0  DDM  reference  line.  In  general,  the  far-field  monitor  did  not 
exceed  a  50%  alarm  condition. 

The  Integral  path  monitor,  while  stable  during  the  night  and  early  morning 
hours,  became  very  erratic  during  the  daylight  hours,  exhibiting  a  series  of  random 
jumps  as  can  be  seen  in  Figure  1I-I29b.  The  monitor  eventually  drifted  into  the 
alarm  condition  as  shown  in  Figure  11-129c  .  Also  shown  in  Figures  11-129  a,b,c 
are  random  spikes  on  both  the  far-field  and  the  integral  path  monitor  channels. 
Some  of  the  spikes  in  the  far-field  channel,  and  all  of  the  spikes  in  the  integral 
path  channel,  are  due  to  the  cycling  on  and  off  of  a  faulty  transmitter  hut  ati- 
conditioner.  The  remaining  spikes  in  the  far-field  channel  were  due  to  aircraft 
overflights  of  the  glide-slope  transmitting  and  the  monitor  receiving  antennas. 

Figure  11-130  is  o  reproduction  of  the  far-field  monitor  RF  level  (Detector 
AGC  Level)  during  the  periods  as  indicated  by  A  and  C  In  Figure  1 1-128  .  As 
noted  previously,  the  spikes  are  due  to  aircraft  overflights  and  air-conditioner 
cycling.  The  stability  exhibited  in  Figure  11-130  is  typical  of  the  stability  ex¬ 
hibited  in  the  RF  channel  over  the  entire  monitoring  period.  The  RF  level  con¬ 
sistently  remained  within  ^0.5  dB  of  the  initial  0  dB  reference  setting. 

Examination  of  the  monitor  charts  from  September  13  through  October  3 
indicated  that  a  fault  existed  somewhere  in  the  system  that  was  causing  the  In¬ 
tegral  monitor  to  become  erratic.  It  was  clearly  evident  that  the  fault  was 
temperature- induced  since  the  integral  monitor  was  stable  during  the  cooler 
night  hours  and  consistently  became  erratic  around  0800  hours  each  morning  when 
the  equipment  first  received  direct  exposure  from  the  sun.  Thus,  on  October  4, 
1975  the  system  was  shut  down  so  that  the  transmitter  hut  air-conditioner  could 
be  repaired.  Due  to  a  faulty  motor,  the  unit  was  excessively  loading  the  60  Hz 
power  line  ^ring  compressor  turrv^  and  tun>-off.  This  loading  was  reflected 
through  the  power  lines  and  the  monitor  power  supply  and  showed  up  os  spikes 
on  the  monitor  recordings.  Also,  the  air-conditioner  was  not  providing  a  stable 
environment  for  the  transmitting  equipment.  On  October  21  the  air-conditioner 
was  returned  to  service  and  the  monitoring  resumed. 


In  order  to  isolate  the  fault,  the  be  low-path  integral  monitor,  which  Is 
identical  to  the  on-path  Integral  monitor,  was  adjusted  to  provide  a  second  on- 
poth  monitor  channel  which  was  then  connected  to  the  recording  equipment.  The 
transmitter  carrier  test  output  was  also  recorded  as  a  check  on  the  stability  of  the 
modulation  balance.  As  illustrated  in  Figure  11-131,  this  second  integral  monitor 
exhibited  jumps  similar  to  those  exhibited  by  the  first  monitor,  except  that  the 
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Figur*  INISCX  Far-Fleld  Monitor  RF  Level,  September  16,  1975. 
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Figure  11-131.  Effects  Due  to  a  Fault  In  the  Monitor  Circuit 


jumps  were  of  greater  magnitude  and  of  sense  opposite  to  those  exhibited  by  the 
first  monitor.  However,  when  the  modulation  balance,  sideband  amplitude  and  side¬ 
band  phase  controls  were  varied,  the  two  integral  monitor  channels  responded  identi¬ 
cally.  This  behavior  of  the  monitors  led  to  the  conclusion  that  the  second  integral 
monitor  had  on  intermittent  in  its  circuit  and  the  effects  of  this  fault  were  being 
reflected  back  into  the  first  integral  monitor.  The  second  monitor  was  then  dis¬ 
connected  and  the  feed  ports  dummy  loaded  os  shown  in  Figure  11-132 .  This 
occurred  on  October  23,  1975,  and  the  subsequent  monitor  stability  recordings 
through  November  3,  1975  remained  free  of  a  y  .'  rther  discontinuities. 

Figure  11-133  is  a  reduced  chart,  compiled  by  taking  the  average  monitor 
values  each  hour,  of  the  integral  path  and  the  far-field  monitor  channels  for  the 
period  of  October  26  through  October  29,  1975.  A  comparison  of  Figure  11-133 
with  Figure  1 1-128 quickly  illustrates  the  absence  of  any  discontinuities  in  the 
monitors'  responses.  During  this  period,  the  far-field  monitor  never  exceeded 
-K).055  DDM,  which  is  36%  of  the  +0.150  DOM  alarm  limit.  The  integral  path 
monitor  did  not  exceed  -0.028  DDM,  which  is  56%  of  the  -0.050  DDM  alarm 
limit.  Figures  11-134a,b,c,d  ore  reproductions  of  the  actual  chart  recordings 
obtained  on  October  28,  1975  for  the  periods*  from  0800  to  0930  hours,  1300  to 
1430  hours,  1445  to  1615  hours,  and  2000  to  2130  hours,  respectively.  These 
charts  correspond  to  the  periods  marked  A,  B,  C  and  D  on  Figure  11-133  . 

In  Figure  11-134a,  the  integral  path  monitor  exhibits  a  slow  shifting  from 
-0.023  DDM  to  -0.014  DDM  as  the  sun's  rays  start  to  heat  the  equipment. 

Figure  11-134b  illustrates  the  effects  of  alternate  periods  of  sun  and  cloud  cover. 

The  path  monitor  exhibited  a  shifting  that  directly  corresponded  to  cloud  motion 
over  the  array.  This  correspondence  was  noted  by  an  engineer  present  at  the  test 
site  at  that  time.  The  maximum  monitor  change  recorded  in  a  10  minute  period 
was  from -0.022  DDM  to -0.004  DDM.  Figure  IV-1 34c  shows  the  path  monitor 
reaching  a  value  of  0.0  DDM  at  1500  hours,  for  a  maximum  shift  of  0.025  DDM 
from  the  0800  hours  value  Indicated  in  Figure  1i-134a.  Figure  11-134d  shows  the 
effect  on  the  system  due  to  a  sudden  and  very  heavy  thunderstorm.  The  path  monitor 
shifted  abruptly  from  -0.017  DDM  to  -0.027  DDM,  while  the  far-field  monitor 
shifted  abruptly  from  'K).032  DDM  to  +0.060  DDM.  However,  both  monitors  still 
remained  well  within  the  alarm  limits. 

Figure  11-13^  for  the  periods  of  1240  hours  to  1410  hours  on  October  30, 
1975,  again  illustrates  that  while  the  system  shows  some  sensitivity  to  rain,  the 
changes  observed  are  relatively  minor  and  the  system  remained  well  within  the 
alarm  limits. 

(12)  Conclusions.  The  Mark  2,  Watts  End  Fire  System  in  most 
all  respects  clearly  performs  in  a  superior  manner  to  the  Mark  1  version.  Azimuth 
•  coverage,  and  clearance  below  path,  show  significant  improvement  over  the  Mark 
1  and  would  meet  flight  inspection  requirements.  Clearance  is  without  flaw,  and 
azimuth  coverage  is  from  9*  on  the  antenna  side  to  15*  on  the  side  opposite  when 
at  the  outer  marker  distance. 

*  Eastern  Standard  Daylight  Savings  Time. 
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Figure  lW34a,  Monitor  Response,  September  27,  1975,  from 


Figure  11-134d.  Monitor  Response/  September  27,  1975,  from 
2000  hours  to  2130  hours. 


Figure  11-135.  Monitor  Response,  September  30,  1975,  During 
Varying  Rain  Conditions. 
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Flyability  as  determhed  from  RTT  runs  on  localizer  centerline  meet  Category 
ii  limits.  Off-centerline  at  5^  data  indicates  a  high  path  condition.  The  path 
structure  Is  generally  very  smooth  with  noise  amounting  to  about  2  microamperes. 
Approaching  ILS  point  C,  irregularities  appear  in  the  path  due  to  the  tronsverse 
stnicture  skewed  with  respect  to  the  runway  centerline.  These  are  found  to  be 
contained  within  the  Category  II  limits. 

The  perpendioulor  or  transverse  path  structure  recorded  during  this  first 
series  of  measurements  lacks  high  quality  because  of  a  .17*  slope  per  degree  azimuth 
in  port  of  the  ^5*  azimuth  sector.  However,  the  angles  either  side  of  the  localizer 
course  appear  to  meet  the  7-1/2%  flight  inspection  requirement  based  on  these  per¬ 
pendicular  measurements. 

Without  the  reflector  elements,  the  Watts  array  was  measured  to  be  9.6  dB 
lower  than  a  sideband  reference  antenna.  This  value  was  obtained  for  a  point  8* 
on  the  antenna  side  of  the  runway,  10  miles  range,  1500  feet  altitude,  where 
usable  distance  measurements  are  most  critical.  An  absolute  value,  which  is 
difficult  to  determine  accurately  because  of  available  standards,  was  determined 
to  be  50  hard  microvolts  at  this  point,  assuming  a  dipole  in  space  receiving  the 
Watts  array  signal . 

The  antenna  system  with  linear  antenna  configuration  is  readily  established 
and  con  be  extensively  checked  with  ground  measurements  prior  to  flight.  This 
should  be  significant  In  reducing  the  number  of  flight  hours  required  for  commission¬ 
ing. 

For  the  first  time  with  the  Watts  array,  field  monitoring  was  available  with 
the  Mark  2.  Initial  findings  showed  the  monitor  to  be  generally  responsive.  Two 
integral  monitor  channels  phis  three  for-field  detectors  were  found  to  monitor 
satisfactorily  32  of  37  fault  conditions  tested.  Of  the  five  conditions  that  ex¬ 
hibited  on  unsatisfactory  monitor  response,  three  were  truck  positions  in  front  of 
the  antennas  carefully  selected  to  exhibit  a  monitor  response  that  remained  just 
inside  the  monitor  alarm  limits,  and  the  other  two  were  foreign  objects  on  the 
antenna.  In  each  case,  path  angle  and  width  in  the  for-field  air  space  remained 
in-tolerance,  with  the  structure  limits  aird  7.5%  tolerartces  at  the  localizer  edge 
being  exceeded. 

Changes  in  transmitter  signal  strength,  percent  modulation,  and  tone  un¬ 
balance  are  adequately  detected  by  the  integral  moniton  and  in  many  cases  by  the 
for-field  monitors.  Changes  in  sidebaid  power  and  sideband  to  carrier  dephasing 
ore  detected  best,  at  present,  with  the  far-field  moniton;  however,  the  below- 
path  integral  monitor  Mt  to  monitor  path  width  should  then  detect  these  faults  also. 

The  far-field  monitor,  as  expected,  appeon  to  be  most  sensitive  to  changes 
affecting  the  front  antenna,  but  also  will  detect  most  changes  affecting  the  rear 
antenna.  Disturbances  to  the  physical  positions  of  the  cmtennas,  or  reflecton,  as 
might  be  expected  ore  detected  only  by  the  far-field  moniton. 


The  integral  monitors  ore  sensitive  only  to  changes  in  the  transmitted  signal 
and  could  be  eliminated  if  the  glide  slope  transmitter  has  self-monitoring  capabilities. 
However,  in  this  Mark  2  design  the  integral  monitor  is  needed. 

From  the  results  of  faults  ^28  and  29,  it  is  imperative  that  the  area  around 
the  arra/s  be  kept  clear  of  obstructions  such  as  high  weeds,  attention  be  given 
both  to  the  possibility  of  a  flock  of  birds  roosting  on  an  antenna  element  similar 
to  that  seen  quite  frequently  on  telephone  and  power  lines,  and  to  the  effects  cf 
ice  accumulating  on  the  ontenrKis.  Vehicular  traffic  around  the  array  must  be 
controlled.  If  acceu  to  the  glide  slope  transmitter  hut  must  be  made  from  the 
runway,  then  the  best  place  for  the  access  road  would  be  from  the  runway,  behind 
the  rear  antenna,  and  then  to  the  side  of  the  transmitter  hut  away  from  the  runway. 

The  shortest  route  is  along  a  line  from  the  runway  to  the  transmitter  hut  that  goes 
through  the  array  phase  center.  This  route  will  cause  some  disturbance  to  the  signal 
in  spoce,  but  this  disturbance  is  well  within  tolerance  limits.  However,  no  vehicle 
should  be  cleored  to  use  this  route  if  an  aircraft  is  on  final  approach.  Finally,  any 
access  route  that  may  be  placed  ahead  of  the  front  antenna  must  be  at  least  i25  feet 
forward  of  the  front  antenna.  From  the  results  shown  in  Table  11-9  and  in 
Figure  11-12^  no  vehicles  must  be  permitted  within  the  area  extending  From  the 
antenna  out  to  a  distance  of  125  feet  forward  of  the  antenna.  Vehicle  presence  in 
this  area,  as  well  os  in  the  area  between  the  two  antennas,  must  be  met  with  appropriate 
restrictions  on  the  use  of  the  glide  slope. 

The  results  of  faults  that  included  placing  foreign  objects  on  the  antennas 
clearly  indicate  that  the  an tenrKi  elements  must  be  kept  physically  clean  and  clear 
of  any  foreign  objects.  The  results  of  these  faults  show  the  sensitivity  of  the  path 
in  space  to  the  presence  of  foreign  objects  over  parts  of  the  antenna  elements  only. 

The  following  conclusions  relate  to  monitoring  to  determine  stability.  First, 
the  integral  path  monitor  DDM  output  remained  within  60%  of  its  alarm  limit,  while 
the  for-Held  monitor  DDM  output  remained  within  40%  of  its  alarm  limit  for  the 
two-week  test  period.  The  far-field  monitor  RF  level  (Detector  AGQ  remained 
within  ^5  dB  of  its  initial  setting.  This  was  50%  of  the  RF  level  alarm  limit  which 
was  set  at  -1 .0  dB  for  this  system. 

Finally,  the  integral  monitor  and  the  far-field  monitor  both  showed  an  approxi¬ 
mate  20%  shift  in  DDM  values  during  periods  of  very  heavy  thunderstorms.  However, 
both  moniton  still  remained  well  within  their  respective  alarm  limits  during  periods 
of  rain.  Certainly  future  burying  of  feed  cables  will  improve  the  stability  of  the  system. 


4.  The  Mark  3  System  Evaluation. 

a.  General .  The  Mark  3  system  is  novel  in  that  it  has  uniform  slot 
spocing  and  excitation  for  the  majority  of  sections  used  in  forming  the  front  and  rear 
antennas  of  the  array.  These  antennas  are  curved  to  form  a  common  virtual  image 
at  a  point  between  ^e  two  antennas.  Rgures  1 1-136  and  i37shewthis  layovt.  Also,  for 
the  first  time  the  endfire  array  has  a  clearance  signal  which  Is  radiated  from  two 
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separate  slotted  cable  elements  to  give  fly-up  command  signals  when  flying  off 
locolizer  centerline  more  then  8*.  Additional  changes  include  a  more  complete 
monitor  system  using  three  slotted-cable  sections  located  in  h^t  of  each  of  the 
main  antennas  (see  Figure  11-138)»  one  in  front  of  the  cleoroice  array  and  one 
abeam  the  threshold.  These  eight  antenna  sections  are  identical  to  the  main 
radiating  element  sections  and  provide  considerable  directivity  to  minimize 
spurious  responses  to  causes  such  as  overflights.  Reference  is  made  to  a  report 
by  Wattses  3  for  details  of  the  monitor  (see  Figure  11-139). 

The  experimental  system  contains  noticeably  more  components  than  previous 
versions.  First,  in-line  amplifiers  with  18  dB  gain  were  added  to  the  transmission 
lines  running  to  each  of  the  main  and  clearance  antennas.  This  was  done  because 
of  the  long  line  (200  feet)  needed  to  reach  the  transmitter  shelter  at  Tamiami  from 
the  central  part  of  the  array.  Normally  it  would  be  expected  that  the  transmitter 
building  would  be  near  the  midpoint  of  the  array  such  as  found  for  Staunton,  Virginia 
tests  in  1974.  Since  marginal  signal  strength  had  plagued  operation  of  the  earlier 
arrays.  Watts  decided  to  eliminate  this  problem  by  use  of  the  amplifiers.  The  re- 
flecton  added  to  the  Mark  2  continue  to  be  used;  however,  the  7/8  inch  air-filled 
feed  lines  were  replaced  with  1/2  inch  lines. 

Amplifiers  with  34  dB  were  placed  in  the  monitor  lines  since  RF  was  brought 
back  to  the  shelter  from  each  of  the  pickups,  even  the  one  1100  feet  away  near  the 
threshold. 

The  complete  system  arrived  by  truck  at  the  Ohio  University  test  site.  New 
Tamiami  Airport,  Miami,  Florida  on  February  14,  1977.  The  system  was  assembled 
and  installed  with  the  monitoring  and  transmission  lines  system  in  approximately  one 
week.  Flight  measurements  began  February  23,  1977  and  terminated  March  2,  1977. 
A  Beechcraft  Model  35  aircraft  was  used  with  the  Ohio  University  Model  2  Mini  lab 
to  collect  some  92  flight  records.  All  measurements  as  usual  used  a  Warren  Knight 
WK  83  theodolite,  RTT  reference. 

b.  Discussion  of  Experiments.  The  principol  objectives  of  the  first 
series  of  flight  measurements  were  to  determine  if  the  Mark  3  had  smoother  transverse 
course  structures  and  whether  a  clearance  signal  would  provide  a  safe  and  functional 
means  of  effectively  widening  the  sector  of  available  signal  from  the  endfire  array. 

The  first  set  of  measurements  showed  a  need  for  refining  the  locations  of  the 
transmitting  antenna  inasmuch  as  good  duplication  of  theoretical  predictions  was  not 
evident.  The  original  locations  hod  been  determined  by  a  taping  method,  and  this 
was  rechecked  resulting  in  adjustment  of  antenna  stand  positions  from  .75  to  2.0 
inches  throughout  the  array.  Flight  measurements  following  this  showed  that  there 
was  significant  improvement  such  that  marginal  Category  II  performance  was  obtained 
and  reasonable  duplication  of  theoretical  predictions  was  evident.  Although  it  is 
believed  that  further  improvement  could  have  been  obtained,  the  decision  was 
mode  that  time  could  be  best  spent  on  more  crucial  items  such  as  monitoring. 
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Figure  11-139.  Watts  Mark  III  Glide  Slope  Array. 


The  first  measurements  were  run  with  the  monitor  pickup  antennas  placed 
on  the  ground  to  avoid  any  possible  contamination  of  far-field  patterns.  Following 
these  tests  the  monitor  antennas  were  mounted  on  stands  identical  to  those  for  the 
array  and  the  far-field  was  again  checked.  No  measureable  effects  were  found, 
except  the  fie  Id  strength  observed  with  the  threshold  pickup  was^  reduced  by  1  dB. 

Other  experiments  included  variation  of  the  phase  in  the  main  antenna  line 
and  change  of  the  sideband  power.  These  permitted  calibration  of  the  monitor  system 
in  terms  of  far-field  path  angle  and  width  changes. 

All  experiments  were  conducted  using  a  Wilcox  solid  state  transmitter  system 
(Mark  1C)  appropriate  for  a  conventional  dual  frequency  capture-effect  system  opera¬ 
ting  on  331 .1  MHz.  Watts  hod  designed  the  Mark  3  to  radiate  course  and  clearance 
signals  from  respective  separate  course  and  clearance  antenna  sections. 

c.  Discussion  of  the  Data.  Data  again  was  collected  consistent  with 
U.S.  Flight  Inspection  Handbook  specifications.  Emphasis  was  placed  on  additional 
measurements  which  would  give  information  on  the  perpendicular  path  structure  which 
is  especially  critical  in  operation  of  endfire  systems.  Equality,  CSi/SBO  phasing, 
and  percent  modulation  were  achie  ^ed  routinely. 

Some  definitions  have  been  established  for  four  quality  figures  which  may 
help  the  reader  identify  more  readily  improved  endfire  glide  slope  performance. 

These  figures  serve  to  quantify  the  three  dimensional  path  structure  characteristics. 
Peak-to-peak  values  of  CD  I  current  in  microamperes  are  measured  in  three  azimuth 
sectors,  viz,  edge-to-edge  on  the  localizer,  ±5"  identified  by  flight  standards  where 
quality  guidance  signals  must  exist  and  ±8°  for  the  ICAO  requirement  for  path 
coverage.  These  latter  two  angular  values  are  referenced  to  the  touchdown  point 
on  the  runway  and  not  the  localizer  origin.  The  last  of  the  four  quality  figures 
is  the  width  of  the  azimuth  sector  in  degrees  over  which  a  tolerance  limit  of 
±30  microamperes  CDI  current  is  met. 

Figure  11-140  shows  a  typical  transition  made  from  about  7  miles  from  the 
array  to  2  mites  at  1000  feet  over  the  runway  centerline  extended.  Two  traces  are 
evident,  the  difference  being  only  scaling  of  the  recorder,  viz,  one  has  ±100 
microamperes  full  scale  and  the  other  ±250  microamperes  full  scale.  Although  the 
complete  record  Is  not  shown,  be  low-path  clearance  of  greater  than  200  micro¬ 
amperes  is  available  below  1 .6^  elevation.  The  path  angle  is  found  to  be3.02^ 
with  a  width  of  0.68®  and  symmetry  of  53:47  (below-above)  for  the  75  microampere 
points;  1 .51®  and  55^45  symmetry  for  the  150  microampere  points. 

Figure  11-141  shows  the  final  portion  of  a  recording  for  a  low  approach 
(Pattern  4).  Also  see  Figure  11-142.  To  this  recording  have  been  added  the  appro¬ 
priate  tolerance  limits  for  Category  II  structure  and  course  alignment.  The  path  is 
found  to  have  a  slight  depression  In  Zone  3  of  approximately  one  twth  of  one  degree 
but  returns  to  the  nominal  path  angle  at  the  threshold.  The  depression  ccxjses  the 
Category  II  limits  to  be  pressed.  This  is  not  a  singular  example.  Repeatability  from 
one  record  to  another  is  good  with  the  path  position  consistently  observed  near  the 
lower  limit  late  In  Zone  2.  Differential  amplifier  traces  from  five  different  runs 
have  been  superimposed  in  Figure  11-143. 
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Figure  11-141.  CDI,  Theodolite^  and  Differenrtal  Amplifier  Recording  from 
Run  25-20.  From  the  tolerance  limits  shown  it  is  evident 
that  Category  II  tolerances  are  met  for  these  parameters. 


DifFerenHal  Amplifier 


Figure  11-144  reveals  the  principal  improvement  that  has  been  obtained  with 
the  Mark  3 .  These  very  repeatable  traces  (one  having  a  scale  expansion  of  2.5:1 
over  the  other)  clearly  indicate  the  azimuth  width  that  has  been  obtained.  The 
reader  should  recall  that  the  endfire  system  is  skewed  with  respect  to  the  runway 
centerline  to  provide  best  coverage  from  outer  marker  to  point  C.  This  produces 
an  asymmetry  which  is  evident  in  Figure  11-144  .  The  fly-up  command  at  10® 
on  the  north  side  is  equivalent  to  the  command  produced  16®  south. 

A  scheme  for  quantification  and  determination  of  a  figure  of  merit  had 
been  devised  and  has  yielded  the  following  numbers.  Total  azimuth  width 
while  maintaining  a  tolerance  of  ±30  microamperes  on  the  CDI  is  20®.  This 
figure  varies  from  trace- to- trace  because  of  the  nearly  flat  traces  at  the  tolerance 
limits.  A  very  slight  change  in  altitude  or  track  will  cause  a  shift  in  the  trace, 
of  course,  and  this  shifts  the  readings  from  16  to  21  ®  very  readily.  A  value  of 
68  microamperes  (peak-to-peak)  is  observed  from  8®  north  to  8®  south,  and  40 
microamperes  is  measured  in  the  ±5®  sector.  Across  the  5®  localizer  sector  there 
is  28  microampere  variation.  This  translates  into  40%  of  the  only  tolerance 
published  in  the  U.S.  Flight  Inspection  Manual,  viz,  path  angles  at  either  side 
of  the  localizer  course  shall  be  within  7.5%  of  the  angle  measured  on  course. 
Typical  values  for  the  5-5  and  8-8®  sectors  for  the  Mark  2  system  were  135 
microamperes  and  this  would  indicate  that  a  50%  improvement  has  been  achieved. 

To  give  a  comparison  with  previous  results  from  the  endfire  type  arrays, 
Rgure  11-145  has  been  prepared.  This  set  of  curves  contains  transverse  path 
shapes  from  the  Yogi  array  by  Spinner  of  the  CAA  in  1956^4  3  and  the  flush- 
mounted  glide  slope  array  developed  at  Ohio  State  University  in  1959.  3 

Readily  apparent  is  the  fact  that  there  has  been  continuous  broadening  of  the 
path  structure.  This  is  especially  true  when  one  notes  that  Run  Number  25-9  for 
February  1977  does  not  show  the  edge  which  is  near  9®  north  and  15®  south.  A 
very  important  item  which  cannot  be  overemphasized  is  that  the  Mark  3  system 
is  the  only  one  which  produced  continuous,  hard  fly-up  command  when  well  re¬ 
moved  from  the  localizer.  There  is  no  spurious  fly-down  signal  evident  in  the 
regions  off  to  the  side. 

A  more  intuitive  picture  is  given  in  Figure  11-146 .  These  two  curves  have 
been  drawn  to  place  the  90  Hz  at  the  bottom  of  the  graph,  thus  yielding  a  correct 
picture  with  respect  to  vertical  elevations.  One  curve  is  the  first  result  obtained 
from  the  endfire  array  of  Yogi  antennas  developed  by  L.  N.  Spinner  of  the  Civil 
Aeronautics  Administration  in  Indianapolis,  Indiana  and  tested  at  the  Kanawha 
County  Airport  in  Charleston,  West  Virginia.  ^  ^  ^  The  other  curve  is  the  most 
recent  one  obtained  from  the  Mark  3  system  and  is  duplicated  from  Rgure  11-144  . 
From  these  it  is  obvious  that  a  wider,  smoother,  and  inherently  safer  path  has  been 
obtained. 

An  additional  point  should  be  mode.  Rgure  11-147  shows  a  set  of  calculated 
curves  taken  from  the  Watts  report  1 3  )  to  which  has  been  added  the  measured  path 
taken  from  Rgure  11-144.  Watts  believes  closer  agreement  is  attainable  but  not 
easily  so  when  the  antenna  supports  must  be  placed  directly  on  irregular  sod  sur¬ 
faces. 
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Figure  11-144.  Recording  of  CDI  on  Transverse  Cuf  to  Localizer  at  5.2 
Miles  Range  from  the  Glide  Slope  Array,  1700  feet  AGL, 
Two  traces  represent  two  different  scales,  one  ±100 
microamperes  and  the  other  ±250  microamperes. 


Comparison  of  Transverse  Patterns  from  Spinner's 
Yogi  Array  in  1956  and  the  Watts  Mark  3  in  1977, 
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Figure  11-147.  Transverse  Crosspointer  Curves  Calculated  by  Watts  to  Which  Has  Been  Added  the 
Measured  CDI  Values  During  a  Perpendicular  Cut,  Run  25-9.  All  are  for  a 
distance  of  the  outer  marker. 


Reid  strength  (usable  distance)  is  more  than  adequate.  Measurements  showed 
that  the  Mini  lab  system  reached  threshold  of  signal  operation  at  10  miles,  1500  feet 
with  25  dB  of  attenuation  which  indicates  that  the  signal  level  is  better  than  7  dB 
above  FAA  minimum  requirements  of  15  microvolts.  No  current  standard  was  avail¬ 
able  on  site  for  reference. 

Be  low-path  clearance  measurements  indicate  that  a  minimum  of  205  micro¬ 
amperes  of  150  Hz  signal  exists  at  1®  elevation  from  6  miles  to  the  threshold. 

d.  Monitor  Investigation  for  the  Mark  3.  The  emphasis  was  placed 
on  determining  and,  when  necessary,  improving  the  performance  of  the  monitoring 
system.  This  was  done  by  monitoring  the  stability  of  the  system  and  observing 
response  of  the  monitor  to  deliberate  and  accidental  faults  in  the  system.  Two 
principal  items  of  concern  are,  therefore,  stability  and  representativeness. 

During  the  period  from  March  14  to  May  12,  1977,  additional  measurements 
were  made  on  the  Watts  slotted-cable  endfire  Mark  3  glide  slope  system.  The  major 
objective  of  this  work  was  to  examine  the  operation  of  the  endfire  system  with  respect 
to  monitoring  capability  and  effectiveness.  In  the  process  several  specific  deficiencies 
were  identified  and  corrective  measures  were  Implemented  by  the  Watts  Company 
to  overcome  these.  A  Wilcox  Mark  I  transmitter  was  used  at  a  frequency  of 
331 .1  MHz.  As  before,  the  airborne  measurements  were  made  using  a  Beechcraft 
Model  35  with  the  Ohio  University  Mini  lab  II.  Calibrations  were  performed  with 
standards  on  hand  at  the  Ohio  University  FAA-Approved  Repair  Station. 

The  investigation  naturally  became  involved  with  stability  of  the  system  in¬ 
cluding  component  performance  and  faults  over  time  periods  amounting  to  nearly 
two  months.  All  of  the  effort  was  directed  towards  evaluating  the  system  as  it 
would  eventually  operate  in  a  practical  environment. 

The  monitor  investigation  began  by  first  establishing  alarm  limits  on  path  angle 
and  width  through  the  straightforward  use  of  changes  in  the  feed  line  length  and  changes 
in  sideband  power  respectively.  Once  these  limits  were  established,  specific  faults 
were  introduced  in  the  antennas  and  the  environment  until  a  monitor  showed  a  near¬ 
alarm  condition.  Flight  measurements  were  then  made  to  determine  whether  flight 
inspection  tolerances  hod  been  exceeded. 

e.  Monitor  Investigation.  First,  it  was  clear  very  early  in  March 
that  the  stability  of  the  glide  slope  system  was  not  satisfactory.  Both  the  path 
conditions  and  the  monitor  were  suffering  from  the  fact  that  the  unusually  long, 
exposed  feed  lines  from  the  transmitter  building  connecting  to  the  antennas  and 
the  monitor  antennas  were  producing  serious  problems  in  maintaining  the  system. 
Immediate  action  was  taken  by  the  Watts  Prototype  Company  to  alleviate  the  problem 
by  (1)  installing  the  monitor  combiner  in  the  field  near  the  geometrical  center  thus 
r^ucing  the  lengths  of  three  pairs  of  phase  sensitive  monitor  cables  from  720  feet 
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to  310  feet,  and  (2)  replacing  the  foam-filled  cable  with  the  more  phase-stable  Spiroline. 
This  stabilized  the  monitors  which  allowed  a  better  tracking  of  the  path  angle  over  a 
period  of  time. 

Unfortunately  the  sensitivity  of  the  path  angle  to  temperature  change  of  the 
transmission  tines  was  not  eliminated.  These  lines  rested  on  top  of  the  ground  and 
experienced  a  change  estimated  to  be  at  least  50*F  between  the  early  morning  hours 
and  the  bright  noon  sun.  On  days  when  it  was  cloudy,  changes  of  less  than  0.05** 
were  observed. 

Indications  were  that  the  path  plus  monitor  drift  would  amount  to  approximately 
300%  of  alarm  limit,  whereas  after  the  modifications  were  made  to  the  monitor  lines, 
the  observed  drift  was  principally  path,  with  typical  diurnal  excursions  up  to  90%  of 
alarm  limits. 

Second,  a  series  of  apprmimately  28  discrete  faults  were  introduced  sequentially 
in  the  transmitting  system.  These  included  transmitter  changes,  foreign  objects  on  the 
antenna  and  a  truck  parked  at  various  locations  in  front  of  the  antennas.  The  attempt 
was  made  to  bring  the  system  just  to  alarm*  and  then  measure  the  far-field  angle  and 
width  plus  the  perpendicular  structure. 

Monitor  alarm  limits  were  set  by  adjustment  of  path  angle  to  ±0.2®  with  the 
line  phaser  and  a  broadening  of  0.2®  with  sideband  power  reduction.  There  was  in¬ 
sufficient  sidebarxi  power  at  the  transmitter  to  give  a  0.5®  width  so  that  the  monitor 
was  merely  set  to  a  symmetrical  sharp  value. 

The  fault  testing  took  place  over  a  period  of  3  days  during  which  time  a  tempera¬ 
ture  difference  of  30®F  was  experienced  and  this  caused  the  reference  path  position  to 
drift  as  much  os  0.3®.  This  was  taken  into  account  in  reducing  the  data  shown  in 
Table  11-10. 

The  foreign  object  positions  and  the  truck  positions  are  defined  relative  to 
the  transmitting  and  monitor  antennas  in  Rgure  11-148.  The  truck  is  a  Dodge  Van 
16.2  feet  long  and  6.7  feet  high.  The  foreign  objects  consisted  of  several  layers 
of  wet  cloth  draped  over  the  antenna  at  the  positions  designated  in  Figure  11-T48. 

The  layers  were  made  sufficient  in  number  to  cause  the  monitor  to  approach  the 
alarm  limit,  in  certain  coses  the  alarm  limit  was  exceeded  accidentally. 

The  absence  of  the  clearance  transmitter  allows  the  hard  fly-down  to  be  ob¬ 
served  beyond  7®  on  the  north  side  ond  beyond  15®  on  the  south  and  produces  an 
alarm,  of  course.  This  is  shown  in  Rgure  11-149.  The  significance  of  adding  the 
clearance  signal  can  be  observed  by  comparing  this  figure  with  Figure  11-150. 

Although  the  structure  near  the  localizer  is  not  affected,  it  is  believed  important 
from  a  safety  consideration  that  fly-up  command  in  regioro  away  from  the  approach 

•  The  path  alarm  limit  was  set  by  moving  the  line  phaser  to  the  front  antenna  until 
the  aircraft  measured  a  change  of  0.20®  in  path  angle,  artd  the  width  alarm  was  set 
by  changing  the  sideband  power  until  a  0.20*  change  in  path  width  was  observed. 
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Fault  Ron  .  I  Angle  I  Width  Structure  Path  Width  Remarks  on  Perpendicular  Structure 


See  Rgure  11-148  for  location  of  specific  fault.  **Note  monitor  %  has  been  nominalized  to  a  no-faolt  condition 

to  eliminate  path  drift  effect. 


Table  11-IQl  Responses  to  System  Poults  (Gmtinued). 
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path  is  desired,  if  one  were  considering  a  design  of  a  glide  slope  with  no  restrictions 
as  to  form,  the  fly-up  off-localizer  course  command  might  very  well  be  a  design 
requirement. 

The  record  made  for  the  absence  of  the  main  transmitter  but  with  clearance 
signal  radiating  is  os  one  intuitively  would  expect.  There  are  full-scale  150  Hz 
regions  either  side  of  the  approach  region  where  flog  appears  due  to  lack  of  signal. 

As  will  be  recalled,  the  clearance  array  produces  a  null  near  the  localizer  course. 

A  re-evaluation  was  made  of  the  desirability  and  need  for  the  in-line  power 
amplifiers  used  to  compensate  for  the  cable  losses  produced  by  the  extraordinary 
long  sections  of  feed  line.  The  long  lines  were  necessary  because  the  transmitter 
building  at  Tomiami  was  not  relocated  to  the  appropriate  place  near  the  midline 
of  the  array.  The  amplifiers  were  removed  giving  slightly  less  than  minimum  field 
strength  requirements;  however,  measurements  were  accomplished  without  difficulty 
because  of  adequately  sensitive  airborne  receiving  equipment. 

Improvements  in  the  system  were  obtained  by  replacement  of  monitor  cd>les 
with  a  more  phase-stable  type,  by  replacement  of  original  antenna  reflectors  with 
copper  element  sections  soldered  to  insure  electrical  continuity,  and.by  modification 
of  the  monitor  sequencing  to  dwell  on  any  segment  when  an  out-of-tolerance  condition 
exists.  This  last  allows  the  monitor  scanning  system  to  sample  more  rapidly  and  yet 
permit  the  monitor  to  enter  the  alarm  condition  after  the  standard  5-second  delay 
¥^en  on  out-of-tolerance  sequel  is  received. 

Figures  11-150,151  and  152  show  the  three  patterns  which  are  considered 
normal  ancf  which  are  used  for  standard,  baseline  conditioiu.  These  represent  the 
conditions  for  an  unperturbed  array  with  copper  reflectors  on  all  slotted-cable 
elements. 

The  perpendicular  or  transverse  structures  of  endfire  glide  slopes  is  always 
the  most  critical  in  obtaining  an  operationally  acceptable  path.  In  an  attempt  to 
obtain  a  figure  of  merit  for  the  quality  of  the  transverse  structure,  the  clouiflcotion 
scheme  previously  mentioned  has  been  used  to  aid  the  reviewer  in  assessing  the 
superiority  of  certain  path  conditions.  Table  1K11  shows  the  numbers  for  19  runs 
mode  uTKler  nominal  conditions.  The  numbers  for  the  8*,  -8”,  5*,  -5*,  and  Loc 
columns  are  the  microampere  values  representing  the  peak-to-peak  excursion 
throughout  the  respective  azimuth  sectors.  The  ^Op  A  column  contairo  the 
number  of  degrees  in  azimuth  surrounding  the  localizer  on-course  which  allows 
a  ±30  microampere  tolerance  to  be  achieved.  In  contrast  to  the  situation  where  a 
smaller  number  for  peak  excursions  meam  higher  quality,  a  larger  number  for  the 
±30  pA  identifies  the  better  condition. 

The  reader  should  note  that  the  flight  tracks  are  performed  with  reference 
to  pressure  altimeter  and  a  roadway  below.  Deviations  from  the  reference  altitude 
and  track  introduce  errors  ond  certainly  account  for  much  of  the  dispersions  seen 
in  the  nominal  values. 
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Run  Number 

Loc  ^A 

5-5”  ^A 

r  •  • 

8-8”  pA 

±30  pA  ® 

Direction 

March  17-18 

40 

45 

55 

18.3” 

NrS 

17-19 

34 

42 

79 

21.9” 

S-N 

26-4 

42 

42 

21.6” 

N-S 

26-10 

46 

46 

23.2” 

N-S 

26-14 

40 

60 

60 

22.5” 

N-S 

28-3 

42 

58 

58 

23.4” 

N-S 

28-4 

32 

32 

48 

18.6” 

S-N 

28-17 

54 

64 

64 

18.0” 

- 

28-23 

38 

55 

55 

23.5” 

N-S 

29-3 

40 

52 

52 

23.1” 

N-S 

29-4 

49 

60 

60 

22.7” 

S-N 

29-16 

54 

69 

85 

21.4” 

N-S 

29-19 

50 

65 

65 

17.6“ 

S-N 

29-27 

42 

55 

62.6 

19.4” 

N-S 

29-28 

62 

71 

71 

5.8”* 

S-N 

May  12-12 

37 

44 

117.5 

17.1” 

N-S 

12-13 

48 

50 

50 

20.2” 

S-N 

12-14 

27 

40 

49 

19.6” 

N-S 

12-15 

34 

44 

45 

18.5” 

S-N 

*Track  100*  high  in  south  section.  This  offers  a  correction  of  37mA  which  will  broaden  the 
azimuth  coverage  to  23”. 


Table  IVII.  Nominal  Values  for  Transverse  Path  Structure  Seen  at 
5.4  Nautical  Mile  Range,  1600  Feet  Altitude. 


The  dispersions  evident  are  useful  to  have  identified  when  evaluating  the 
significance  of  recordings  made  with  deliberate  faults  in  the  system  as  is  the  cose 
when  monitor  performance  is  being  checked. 

A  partial  flight  check  by  the  FAA  with  a  Saberliner  aircraft  was  performed. 

Figure  11-153  shows  a  plot  of  a  hand  calculation  of  the  difference  between  the  CDI 
recording  taken  by  the  FAA  Saberliner  and  the  telemetry  provided  by  a  radio  telemetering 
theodolite  transmitting  signals  to  a  ground-based  receiver/recorder  unit. 

When  the  first  measurements  of  this  series  were  made,  it  was  noted  that  ♦^he 
transverse  structure  had  changed  noticeably  from  the  previous  observations.  The 
subsequent  investigation  revealed  the  defect  in  the  reflector  for  the  rear  antenna, 
and  this  prompted  removal  of  the  reflecton  from  both  front  and  rear  transmitting 
antennas.  The  measurements  which  followed  reveal  the  effects  of  change  of  gain 
due  to  removal  of  reflectors  from  the  main  antennas  while  retaining  the  reflectors 
on  the  clearance  antennas. 

This  observation  pointed  to  the  significance  of  the  relative  gain  between 
the  clearance  array  and  the  main  array.  Although  the  initial  Wath  setup  of  the 
system  placed  the  ratio  near  optimum,  subsequent  changes  in  the  line  amplifiers 
and  reflectors  pointed  to  the  importance  of  maintaining  this  ratio,  especially  when 
considering  monitoring  and  the  maintaining  of  the  facility.  It  was  deemed  important 
to  look  at  the  effect  of  changes  in  the  relative  amplitudes  of  the  clearance  and 
main  arrays.  Figure  11-154  shows  parametric  changes  in  clearance  power  in 
1 .5  dB  steps. 


r 


i 


f.  Off-Centerline  Path  Characteristics  for  the  Mark  3.  Although  re¬ 
cordings  made  flying  perpendicular  to  the  runway  centerline  reveal  the  character  of 
path  off- center  line,  it  is  nevertheless  desirable  to  have  recordings  indicating  the 
angle  and  width  of  the  path  structure  either  side  of  centerline.  Also,  it  is  believed 
desirable  to  have  some  flyability  recordings  revealing  the  structure  the  pilot  would 
encounter  when  flying  other  than  the  localizer  on-course.  Table  11-12  lists  angle 
and  width  values  taken  from  level  flights  at  1000-foot  altitude.  The  azimuth  angle 
was  controlled  by  the  pilot  flying  telemetry  information  coming  from  the  azimuth  portion 
of  the  radio  telemetering  theodolite  located  on  runway  centerline  opposite  the  phase 
of  the  array. 

The  recordings  for  the  structure  were  made  using  voice  call-outs  to  provide 
azimuth  guidance  since  the  telemetry  channel  was  being  used  for  conventional  RTT 
operation.  Figure  11-155  shows  a  composite  of  7  recordings  of  the  different  amplifier 
trace.  In  general  no  particular  problem  is  evident.  There  is  a  change  in  average 
path  angle  amounting  to  approximately  0.3*. 

There  it  on  item  that  should  be  noted  when  reviewing  this  type  of  data.  The 
theodolite  reference  is  a  conical  surface  elevated  above  the  horizontal  by  3.00*. 
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Azimuth 

Angle 

Width 

Normal 

3.09 

.67 

Loc  N 

3.20 

.58 

Loc  S 

2.98 

.74 

5®  North 

3.19 

.65 

5®  South 

3.02 

.66 

8®  North 

3.01 

.97 

8®  South 

3.03 

.68 

_ _ 

Table  11-12,  Path  Angle  and  Width  ^lues  os  a  Function  of  Azimuth. 


The  glide  slope  surface  from  the  Watts  Mark  3  system  is  ideally  on  an  inclined  plane 
meaning  that  at  ILS  point  C  an  ideal  path  measured  at  8*  azimuth  will  be  shown  as 
a  low  path  by  only  .03*,  6  microamperes;  however,  when  tracking  the  localizer 
edge  at  ILS  point  C,  this  difference  is  13  microamperes  and  at  the  threshold  this 
becomes  a  flare  downward  of  33  microamperes. 

It  is  instructive  to  observe  the  quality  values  for  the  perpendicular  structure 
of  the  path  during  several  fault  conditions.  Some  of  these  are  listed  in  Table  11-13. 


Fault 

Localizer 

Sector 

pA 

5®-5® 

Sector 

pA 

8®-8® 

Sector 

pA 

^30pA  Azi¬ 
muth  Sector 
Degrees 

Nominal 

34 

44 

45 

18.5 

■^jjH 

60 

76 

76 

16.0 

62 

78 

88 

11.0 

mSEmM 

60 

88 

140 

9.0 

No.  6  Truck 
Position 

84 

106 

106 

8.0 

86 

90 

90 

8.0 

Table  11-13.  Listing  of  Quality  Figures  for  Several  Fault  Conditions. 
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g.  Special  Tests  to  Examine  Special  Characteristics  of  the  Arrqy,  The 
final  phase  of  the  work  at  Tamiami  with  the  Watts  Mark  3  system  was  directed  at  three 
particular  areas  of  interest  concerning  the  system  performance.  These  were: 

(T)  Identifying  available  increase  of  azimuth  coverage  by 
increasing  the  length  of  the  slotted  cables. 

(2)  Ascertaining  the  ir'  oendence  of  the  system  performance 
with  respect  to  location  of  particular  cable  sections  in  the 
array;  i.e.,  determining  that  the  cable  sections  are  true 
duplicates. 

(3)  Investigating  the  independence  of  the  path  in  space  with 
respect  to  elevation  of  the  slotted  cable  element  sections  above 
ground;  i.e./  determine  if  the  path  in  space  is  affected  by 
drainage  ditches  or  terrain  irregularies  below  the  elements. 

At  certain  possible  locations  it  may  be  necessary  to  locate  the  array  farther 
from  the  runway  centerline  than  is  expected  at  typical  locations  and  that  which  is 
simulated  at  Tamiami.  At  Tamiami  the  runway  width  is  150  feet.  This  permits 
placement  of  the  near  end  of  the  front  antenna  element  at  85  feet  from  the  runway 
centerline.  If  the  airport  were  assumed  to  have  a  200-foot  wide  runway,  then  this 
distance  would  increase  to  135  feet  thus  making  it  impossible  to  provide  the  desired 
coverage  (±8°)  on  the  opposite  side  of  the  runway  at  threshold  while  maintaining 
coverage  5  to  10  miles  out  on  the  side  of  the  localizer  towards  the  antenna  array. 

The  objective  with  the  larger  aperture  or  slotted  cable  length  is  to  provide  adequate 
azimuth  coverage  to  meet  the  wide-runway  requirements. 

Calculations  involving  the  geometries  of  a  standard  array  whose  phase  center 
is  positioned  160  feet  from  centerline  and  an  expanded  aperture  version  with  its 
center  located  205  feet  from  centerline  reveals  that  approximately  18”  of  coverage 
is  needed  for  the  standard  cose  and  21 .8”  for  the  wide  runway  case.  These  conditions 
were  those  selected  for  measurements  at  Tamiami. 

(1)  Effects  of  the  Expanded  Aperture .  The  conversion  from  the  standard 
array  to  the  expanded  aperture  took  less  than  2  days .  Flight  measurements  made 
of  the  transverse  structure  revealed  that  indeed  the  azimuth  was  approximately  60% 
greater  with  no  deterioration  of  the  quality  of  the  on-course  surface.  At  first  this 
might  seem  startling  if  one  considers  that  the  increase  in  the  aperture  sections  went 
only  from  7  to  9;  however,  a  more  correct  intuitive  picture  can  be  obtained  by  con¬ 
sidering  that  the  increase  of  the  main  antenna  sections  went  from  3  to  5  for  both  the 
front  and  rear  elements.  Ihe  main  sections  contribute  most  of  the  energy  to  form  the 
path  with  the  taper  sections  controlling  side  lobes  in  effect. 

Table  11-14  indicates  typical  quality  figure  values  for  the  standard  array 
along  with  those  of  the  expanded  aperture. 
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Run  Number 

Localizer 

D 

0 

00 

1 

e 

00 

±30  pA 
Sector 

Standard  12-14 

27  pA 

■1 

49  pA 

19.6® 

Expanded  24-23 

38  pA 

HS 

54  pA 

32.7® 

Expanded  25-2 

40  pA 

Bi 

54  pA 

32.5® 

Table  11-14.  Comparison  of  Quality  Figures  for  the  Standard  and 
Expanded  Aperture  Versions  of  the  Watts  Mark  3  End- 
fire  Glide-Slope  Antenna. 

Figure  11-156  sho^  a  copy  of  a  recording  of  the  transverse  structure  for  the 
expanded  aperture  to  which  has  been  overlaid  a  comparable  record  for  the  standard 
aperture.  From  this  it  is  readily  apparent  that  a  substantial  increase  in  azimuth 
coverage  has  been  obtained.  Flyability  (structure)  on  runway  centerline  was  un- 
•  changed . 

In  addition  to  flight  data,  ground  data  was  obtained  using  a  portable, 
extendible  tower  which  was  located  along  a  line  through  the  threshold  and  per¬ 
pendicular  to  the  runway  centerline.  The  tower  was  extended  to  approximately 
60  feet  at  various  positions  along  this  line  with  CDI  values  in  microamperes  being 
recorded  for  each  5  feet  of  elevation.  Positions  in  azimuth  os  viewed  from  a  theodolite 
at  the  touchdown  point  of  the  runway  were  Incremented  in  5”  steps  either  side  of  the 
centerline.  Rgure  11-157shows  a  plot  of  contours  of  CD!  values  obtained  for  this 
vertical  plane.  There  ore  several  items  to  be  noted.  First  and  foremost,  the  path 
structure  is  wider  by  approximately  60%  compared  to  that  obtained  for  the  standard 
array.  Second,  the  strong  fly-up  command  to  the  sides  is  quite  evident  and  desirable. 
Third,  the  irregularities  in  the  structure  show  a  maximum  of  8  feet  of  variation  over 
the  sector  of  principal  interest. 

Temperatures  of  90®+F  caused  some  problems  with  the  receiving  equipment. 

These  were  simulated  in  the  laboratory  and  the  data  corrected  for  the  errors  introduced. 
The  very  irregular  300  (.A  contour  in  Figure  11-157  is  possibly  due  to  enigmatic  per¬ 
formance  of  the  receiver  and  application  of  an  incorrect  factor. 

(2)  Confirmation  of  Negligible  Interchongobility  Effects.  The  second  Item 
for  investigation  is  motivated  by  a  natural  concern  of  maintenance  personnel.  The 
question  is  simply  whether  manufactured  cable  sections,  of  which  there  are  14  in  the 
standard  version  and  18  in  the  large  aperture  model,  are  identical  and  can  be  inter¬ 
changed.  The  answer  to  the  question  must  take  into  account  a  basic  design  fact  of 
the  slotted  cable  antenna.  The  array  to  function  properly  makes  use  of  two  special 
amplitude  taper  sections  on  the  ends  of  each  element.  This  leaves  in  the  front  and 
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Trcmsverte  Structure  for  tKe  Standard  and  Expanded  Aperture 


lV-157.  Plot  of  CDI  Contours  in  the  Vertical  Plane  Containing  the  Runway  Threshold  and  Perpendicular  to  i  Runway 

Centerline.  Data  Points  were  obtained  using  a  portable,  extendible  tower.  Airborne  type  receiving  equipment 
was  mounted  in  a  van  for  these  measurements.  (End  section  lowered,  see  following  section) 


rear  elemenh  of  the  standard  array  three  uniform  sections  making  a  total  of  seven 
sections  counting  two  taper  sections  on  each  end.  For  the  expanded  aperture  there 
are  two  uniform  sections  added  to  the  center  portion  of  both  the  front  and  rear 
elements  making  a  total  of  9  sections  for  each  slotted  cable  element.  Of  particular 
interest  for  this  investigation  was  the  interchangeability  or  substitution  of  center 
element  sections. 

Number  5  section  (counting  from  the  runway  end  of  the  rear  antenna)  was 
interchanged  with  number  5  from  the  front  antenna.  Table  11-15  ollov/s  comparison 
of  quality  figures  before  and  after  the  interchange.  Figure  11-158  shows  the  result¬ 
ing  record;  with  this  record  is  a  tracing  showing  the  condition  before  the  interchange 
took  place.  In  spite  of  the  slightly  different  azimuth  scales,  it  is  clear  that  good 
repeatability  was  obtained,  certainly  within  that  expected  from  run  to  run  on  the 
transverse  cuts.  The  vertical  displacement  of  the  two  curves  is  of  no  significance. 

It  is  important  to  note  that  with  the  Mark  1  and  Mark  2  versions  of  the  Watts 
endfire  antennas,  this  would  not  have  been  possible. 


Run  Number 

Purpose 

Localizer 

Ba 

O 

o 

GO 

±30pA 

24-10 

Reference-Secti  on 
Interchangeabi  li  ty 

35 

57 

70 

27.6 

24-20 

Interchangeabi  lity 

46 

46 

82 

35.0 

24-18 

Reference 

51 

55 

60 

33.6 

24-23 

Antenna  End 
Lowered 

38 

38 

54 

32.7 

25-2 

Repeat  24-23 

40 

44 

54 

32.5 

Table  11-15.  Quality  Figures  Derived  from  Records  Taken  of  Transverse 

Path  Structures  Before  and  After  Changes  of  Antenna  Sections 
and  Antenna  Heights. 

(3)  Determination  of  the  Effect  of  Antenna  Height  Difference? .  Because 
this  antenna  may  very  well  find  use  in  sites  where  little  or  no  terrain  leveling  has 
been  accomplished,  it  is  important  to  know  what  effects  may  be  produced  by  having 
one  portion  of  the  slotted  cable  radiator  closer  to  the  ground  than  another.  To  help 
determine  this  effect,  the  height  of  the  run^y  end  of  the  front  antenna  was  lowered. 
The  last  7  supporting  stands  (of  which  there  are  18  in  the  expanded  aperture  front 
antenna)  were  progressively  shortened  in  3-inch  increments  thus  gradually  lowering 
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the  lost  60  feet  of  the  front  antenna  from  42  inches  above  ground  to  approximately  21 
inches.  Rgure  11-159  sho>Ae  a  photograph  of  the  results  of  this  antenna  modification. 
This  also  could  be  a  modification  used  to  reduce  obstruction  heights  near  the  runway. 

Rgure  11-160  shows  tracings  of  two  records  of  the  transverse  path  structure, 
one  taken  before  the  end  portion  of  the  front  antenna  wos  lowered  and  one  after. 

There  appears  to  be  no  significant  difference  in  the  path  structures.  By  referring 
again  to  Table  11-15,  it  is  evident  that  no  major  change  has  taken  place. 

One  item  originally  planned,  but  not  pursued  experimentally  at  Tamiami,  was 
the  bandwidth  characteristics,  i.e.,  operational  performance  over  the  glide  slope 
band  of  329.3  to  335.0  MHz.  The  array  was  operated  only  on  331 .1  for  all  the 
experiments  conducted  since  February  1977.  Effort  was  not  put  into  this  bandwidth 
experiment  because  the  Watts  Gxnpany  had  run  carefully  documented  studies  of  the 
slotted  cable  section  amplitude  and  phase  characteristics  ove**  the  band  and  found 
essentially  no  change.  This  is  consistent  with  the  theory  of  this  antenna,  for  accord¬ 
ing  to  Watts,unlike  the  Mark  1  and  2  versions,  this  antenna  has  uniform  spacings  and 
is  not  critically  dependent  on  frequency. 

h.  G)nclusions  Gxftceming  the  Mork  3  System. 

1 .  The  performance  of  the  Mark  3  system  Is  clearly  superior  to  that  of  the 
previous  models,  and  at  Tamiami  will  meet  requirements  prescribed  in  the  U.S.  Flight 
Inspection  Hondbook  for  Category  II  quality. 

2.  Azimuth  coverage,  most  critical  and  difficult  to  obtain  with  endfire  arrays, 
has  been  improved  to  achieve  a  total  of  approximately  20*  at  the  outer  marker.  Lateral 
roughness  has  been  reduced  to  approximately  ^15  microamperes  for  the  localizer  sector 
(measured  at  the  outer  marker);  microamperes  for  the  5*  sector  either  side  of  the 
localizer  on-course;  and  ^5  microamperes  for  the  ICAO  8*  sector  either  side  of  the 
localizer.  Path  angle  from  centerline  to  edge  of  localizer  varies  3.2%  with  the  FAA 
tolerance  being  7.5%. 

3.  All  areas  of  fly-down  command  sigrxil  previously  experienced  either  side 
of  the  main  course  region  have  been  successfully  eliminated  through  the  use  of  an 
auxiliary  clearance  signal  which  captures  the  receiver  when  beyond  10  to  15*  azimuth. 
This  provides  a  major  improvement  in  that  all  regions  which  are  potentially  unsafe  for 
flight  contain  strong  150  Hz  signak  for  fly-up  command.  This  was  verified  by  flights 
below  and  to  either  side  of  the  on-course  region. 

4.  The  structure  below  path  is  good.  Clearance  below  path  when  flying  at  a 

1  *  approach  angle  is  better  than  200  microamperes  to  threshold.  The  190-microampere 
value  is  reached  consistently  above  1 .9*  which  is  better  than  30%  of  the  nominal  angle. 
When  flying  at  a  constant  altitude  of  one  thousand  feet,  the  CDI  steadily  decreases 
from  250  microamperes  to  175  microamperes  at  2*  elevation.  This  is  not  a  problem 
but  one  should  note  that  it  does  not  meet  requirements  for  180  microamperes  from 
1*  above  the  horizontal  to  1*  below  the  on-course  os  specified  for  a  capture  effect 
system. 
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5.  Structure  of  the  path  os  determined  from  radio  telemetering  theodolite 
recordings  is  good  and  will  marginally  meet  Gitegory  li  requirements.  Generally 
the  path  is  extremely  smooth  and  easy  to  fly.  For  example,  structure  tolerances  from 
the  radio  telemetering  theodolite  reference  and  differential  amplifier  indicate  rough¬ 
ness  of  ±7  microamperes  in  ILS  Zone  2.  A  slight  dip  amounting  to  0.20°  exists  in 
Zone  3  >;ut  this  is  smooth  and  a  complete  flight  run  from  the  outermarker  to  the  threshold 
can  be  made  with  CD!  variations  no  greater  than  ±10  microamperes.  The  level  transition 
flown  through  the  vertical  path  structure  indicates  a  near-perfect  condition. 

6.  Signal  strength,  of  concern  when  operating  with  extra- long  cable  runs 
but  primarily  limited  by  the  low  antenna  elevation,was  increased  using  special 
amplifiers  so  that  margins  better  than  7  dB  above  FAA  requirements  are  available  at 
10  nautical  miles  at  the  intercept  altitude  of  1500  feet.  Indications  are  that  typical 
placement  of  the  transmitter  building  for  commissioned  operation  would  yield  adequate 
signal  levels  without  transmitter  amplifiers  provided  the  7/8  inch  air-filled  coaxial 
cables  are  used  to  feed  the  antennas  with  reflectors  currently  being  used. 

7.  Coupled  approaches  can  be  successfully  flown  to  the  runway  threshold. 

8 .  The  system  requires  close  tolerances  of  1/2  inch  or  better  for  antenna  place¬ 
ment.  This  dictates  a  careful  survey  and  installation,  in  particular,  for  the  slotted 
cables  which  are  placed  in  a  curvilinear  formation. 

9.  The  Mark  3  antennas  except  for  the  end  sections  are  comprised  of  segments 
which  are  identical  and  interchangeable.  This  permits  an  increase  of  the  aperture 
without  redesign  to  achieve  greater  azimuth  coverage  for  cases  where  the  array  is 
displaced  distances  greater  than  100  feet  from  runway  centerline.  The  Watts  Company 
reports  that  manufacturing  and  testing  requirements  are  much  more  easi  ly  attained 
with  this  antenna  uniformity. 

10.  The  characteristics  of  this  system  ore  such  that  ground  measurements  can 
be  used  for  all  aspects  of  the  setup.  The  potential  exists,  therefore,  to  commission 
the  system  with  a  minimum  of  flight  time. 

11 .  The  measured  results  compare  reasonably  well  with  theoretical  calculations. 
Closer  results  are  conceivably  possible  by  refining  the  antenna  positions.  Since  path 
values  were  within  tolerances,  the  unknown  areas  of  monitorirtg  were  stressed  in  the 
time  available. 

12.  Alitor  stability  appears  adequate;  however,  the  path  angle  stability 
must  be  reassessed  after  the  transmitter  is  relocated  to  the  mid  line  of  the  array  and 
cable  runs  are  buried.  At  this  time  indications  are  that  these  changes  will  provide 
adequate  stability  for  practical  operations  at  any  potential  site. 

13.  The  Ohio  University  measurement  of  signal  strength  at  1500  feet,  10 
nautical  miles  with  no  in-line  amplifiers  in  the  system,  was  23  dB  above  the  airborne 
receiver  threshold  or  14  hard  microvolts  at  the  receiver  terminals. 
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14.  The  monitors,  which  include  three  pairs  of  aperture  monitors  combined  to 
give  readings  of  angle  and  width,  provided  readings  which  allowed  no  out-of-tolerance 
condition  in  the  far  field  without  a  monitor  alarm  condition  for  a  series  of  27  discrete 
faults.  Path  angle  drift  of  .3®  due  to  temperature  change  on  the  cables  complicated  this 
data  reduction.  Oie  case  was  particularly  affected  when  wet  cloths  were  placed  over 

a  section  of  the  rear  antenna  giving  a  2.65®  t  -ith  angle  with  88%  of  alarm  value  In¬ 
dicated,  referenced  to  a  nominal  monitor  path  n.gle  of  2.85®  for  that  time.  Path 
angle  drift  was  significant  during  the  time  of  n  s  observation.  Flight  check  showed 
2 .71  ®  at  the  end  of  the  series. 

15.  A  van  positioned  at  various  locations  in  front  of  the  antenna  (both  front 
and  rear)  and  the  wet  cloths  on  the  element  in  general  disturbed  the  transverse 
structures  very  noticeably  but  did  not  place  them  outside  of  published  flight  in¬ 
spection  tolerance  limits.  It  should  be  noted  that  the  flight  inspection  tolerances 
are  not  written  to  stress  scrutiny  of  the  transverse  structure;  hence,  substantial 
aberations  may  exist  but  no  published  tolerances  are  exceeded.  The  van  and  wet 
cloths  do  not  affect  angle  and  width  parameters  without  affecting  the  monitors. 

16.  Truck  positions  just  in  front  of  the  monitors  for  the  front  antenna  did 
not,  of  course,  disturb  the  aperture  monitors  and  did  not  affect  path  angle  and  width 
in  the  far  field.  The  transverse  structures  were  very  definitely  affected.  This  In¬ 
dicates  a  sterile  area  of  at  least  100  feet  in  front  of  the  array  should  be  specified. 

17.  The  van  positioned  at  the  phase  center  of  the  array  did  not  affect  system 
operation.  Apparently  this  result  is  obtained  because  the  obstruction  was  too  far 
from  the  monitors  and  at  too  low  of  an  angle  for  the  far  field. 

18.  Experiments  with  clearance  power  levels  indicate  that  a  maximum  of 
±1  dB  of  change  be  allowed  as  a  limit. 

19.  Loss  of  clearance  power  is  evident  most  dramatically  by  the  strong  areas 
of  fly-up  command  beginning  at  9®  azimuth  on  the  antenna  side  of  the  runway  and 
15®  on  the  side  opposite.  There  is  a  slight  narrowing  of  the  good  central  transverse 
area  but  the  path  structure  is  not  altered  fundamentally. 

20.  The  aperture  width  channel  appeared  to  track  with  the  width  information 
obtained  from  the  threshold  monitor  for  system  stability  considerations;  however,  this 
has  not  been  proved  for  the  cose  of  discrete  width  fault  conditions.  Experiments  have 
shown  that  the  path  angle  is  independent  of  width  but  width  does  change  when  the 
path  angle  changes.  An  approximate  mathematical  relation  is:  PW  =  2.1/PA  where 
PW  is  the  path  width  in  degrees  and  PA  is  the  path  angle  in  degrees.  Thus,  os  the  path 
angle  rises,  the  path  width  gets  sharper. 

21 .  The  combination  of  a  low,  broad  path  is  protected  by  the  aperture  monitors. 
The  combination  of  a  low  path  angle  with  a  sharp  width  is  protected  only  by  the  aperture 
monitor.  A  high,  out-of-tolerance  brood  path  is  not  observed  by  the  monitors  but  is  not 
deemed  to  be  a  dangerous  condition  because  below-path  clearance  remains  unchanged. 
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22.  Results  of  fault  conditions  consisting  of  feed  line  length  change  (phase 
shift  to  one  of  the  transmitting  antennas)  and  tone  unbalance  conditions  are  found  to 
be  essentially  the  same. 

^  23.  An  electrical ly-discontinuous  reflecting  element  for  the  transmitting 

antennas  produces  a  fault  condition  which  is  detectable. 

i  24.  An  open  circuit  at  the  load  end  of  the  transmitting  antennas  produces 

oscillations  in  the  transverse  path  structure  amounting  to  144  microamperes  peak-to- 
I  peak. 

*  25.  In-line  amplifiers  are  a  troublesome  item  in  the  system  and  should  be 

avoided  when  possible.  Interactive  items  such  as  changing  the  input  level  changes 
■  not  only  the  output  but  the  percentage  modulation  on  the  output  signal  as  well,  ^ 

j  complicates  the  operation  and  affects  the  stability  of  the  system  operation. 

i 

I 

26.  Path  angle  and  width  measurements  were  made  at  altitudes  of  1000, 

^  1500,  2000  feet,  and  there  were  no  significant  differences  in  the  values  obtained. 

27.  There  is  no  usable  back-course  information.  Rrst,  the  RF  level  Is  down 
36  dB  and  second,  the  focusing  of  the  energy  from  the  slotted  cables  precludes 
formation  of  a  semblance  of  a  path. 

28.  An  increase  in  the  length  of  the  slotted  cable  elements  serving  as  the 
front  and  rear  transmitting  antennas  of  the  endfire  array  increases  the  azimuth  coverage 
of  the  system  by  approximately  60%.  The  number  of  sections  of  each  antenna  was 
increased  from  7  to  9  with  the  additional  sections  being  inserted  in  the  midportion 
between  the  end  amplitude  taper  sections. 

29.  Interchanging  mid  sections  of  the  front  and  rear  antennas  has  no  significant 
effect  on  the  array  performance.  This  indicates  that  manufacturing  tolerances  for  this 
Mark  3  array  are  adequate. 

30.  Lowering  of  the  last  60  feet  of  the  runway  end  of  the  front  antenna  gradually 
in  a  uniform  decrease  of  height  from  42  to  21  inches  produced  no  measurable  change 

in  the  path  in  space.  This  information  indicates  that  there  is  a  reasonable  independence 
of  the  path  structure  with  respect  to  antenna  height  above  ground.  This  suggests  that 
the  antenna  would  be  able  to  span  across  drainage  ditches  and  other  irregularities 
in  the  earth's  surface  available  for  installation  of  the  system. 

31 .  The  transverse  path  structure  In  space  will  show  effects  of  fore-aft  move¬ 
ment  of  sections  of  the  antenna  but  will  not  show  effects  of  vertical  displacements. 

Experience  with  the  aperture  moniton  shows  that  the  monitor  will  detect  the  fore- 
aft  type  of  movement  (parallel  to  the  array  axis). 


A 
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32.  Nearly  four  months  of  extensive  data  collection  involving  the  Watts  Mark 
3  endfire  glide  slope  system  have  been  completed.  All  indications  are  that  the  system 
is  ready  for  testing  at  a  problem  site.  More  work  on  the  system  stability  cannot  be 
done  effectively  until  the  installation  involves  shorter,  buried  cables. 

5.  Prediction  of  Performance  of  the  Watts  Mark  1  Endfire  Glide  Slope  System. 
The  Intent  of  this  section  is  to  present  a  technique  which  has  been  developed  to  predict 
the  performance  characteristics  of  the  Watts  endfire  glide  slope  system  when  operating 
in  the  presence  of  irregular  terrain  in  the  approach  region.  For  the  past  12  years 
engineers  on  the  Avionics  Engineering  Staff  at  Ohio  University  have  been  working 
on  the  development  of  mathematical  models  which  would  take  into  account  multi- 
path  and  permit  calculation  of  DDM  values  in  space  for  both  localizer  and  glide 
slope.  This  work  draws  on  much  of  the  previous  Ohio  work  for  background  and  yields 
prediction  capability  for  this  special  non-image  glide  slope  system. 

Although  the  Watts  system  does  not  use  the  image  to  form  the  path  in  space, 
it  is  nevertheless  susceptible  to  multipath  coming  from  terrain  which  may  be  illumi¬ 
nated  in  the  aircraft  approach  region.  The  vertical  lobe  structure  of  the  Watts 
antennas  is  such  that  one  would,  in  general,  expect  performance  in  the  presence 
of  upslopes  to  be  somewhat  better  than  the  null  reference  system  and  not  as  good 
as  the  capture  effect  type.  It  is  interesting  to  note  that  the  Watts  company  has 
been  giving  consideration  to  the  development  of  a  version  of  the  endfire  system  that 
would  provide  modification  of  the  vertical  pattern  much  the  same  as  the  present 
capture  effect  system  does . 

A  capability  to  predict  is  a  valuable  asset  for  the  engineer  who  is  respon¬ 
sible  for  making  the  selection  of  the  glide  slope  type  to  be  installed  at  a  particular 
site.  The  expense  of  installing  and  flight  checking  an  inappropriote  type  can 
hopefully  be  avoided  by  proper  application  of  prediction  models  such  as  given  in 
this  reportfor  the  Watts  system.  In  such  applications  accuracy  is  of  considerable 
importance.  Fortunately  two  rather  complete  sets  of  experimental  data  were  on 
hand  from  Tamiami  and  Staunton,  Virginia  to  allow  an  opportunity  to  compare  the 
theory  with  practice.  This  text  reports  the  results  of  the  direct  comparisons  for  a 
near  ideal  site  and  one  where  a  significant  upslope  is  present  that  makes  performance 
of  null  reference  and  sideband  reference  systems  unacceptable.  An  attempt  has  been 
made  to  quontify  statistical  parameters  which  will  give  some  index  of  the  prediction 
capability. 

The  mathematical  model  has  shown  instances  of  good  approximation  with 
mean  error  of  6  pA  and  on  occasion  some  relatively  poor  approximations  with  mean 
error  with  24.58  pA.  This  error  is  believed  to  be  due  to  a  lack  of  capability  to 
determine  precisely  the  ground  contour  and  to  the  fact  that  the  terrain  beyond  200 
feet  left  and  right  of  the  runway  extended  centerline  is  not  known. 

All  in  all,  this  is  a  major  first  step  in  gaining  an  impro>«d  capability  in 
glide  path  siting  with  the  Watts  system.  The  next  step  will  be  to  implement  this 
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procedure,  predict  performonce  at  a  virgin  site,  and  assess  final  accuracy.  Some 
refinements  are  possible  and  may  ultimately  be  desirable;  however,  the  basic 
capability,  which  is  good,  now  exists  and  ccn  be  derived  from  this  section.  Con¬ 
siderable  detail  is  presented  including  the  computer  programs  for  mechanizing  the 
calculations. 


The  basic  elements  comprising  the  Watts  Mark  1  endfire  glide  slope  array 
are  a  two  slotted-cable  antenna  array,  each  cable  having  an  aperture  of  approximately 
130  feet.  The  wide  apertures  of  the  antennas  are  to  provide  for  broadening  of  the 
cone,  produced  by  the  endfire  array,  to  give  satisfactory  coverage  for  flights  deviating 
from  the  localizer  centerline  (azimuth  deviations).  Each  antenna  is  fed  by  the  stondord 
carrier  and  sidebond  signals  through  a  hybrid  as  shown  in  Figure  11-161  • 


Sideband  1  1  Carrier  Sideband 


Runway 


Approach 


Figure  11-161  .  Diagram  of  Carrier  and  Sideband  Being  Fed  into 
the  Antenna. 

There  are  99  slots  in  the  rear  antenna  and  81  slots  in  the  front  antenna.  The 
gap  spacing  is  not  constant  throughout  the  length  of  the  antenna,  os  this  parameter 
is  used  by  the  Watts  Prototype  Company  to  control  the  phase  distributions  of  the  gap 
excitations. 

Although  the  Watts  glide  slope  does  not  require  the  ground  plane  to  form  the 
pattern,  a  ground  plane  indeed  exists,  and  it  con  cause  unwanted  reflection  of  the 
signals  from  the  ground  to  the  aircraft.  In  some  airports  there  even  exist  hills  and 
valleys  in  the  direct  approach  region  of  the  runway.  The  irregular  ground  plane, 
hills  and  valleys  will  contribute  to  irregularities  to  thegllde  path.  This  problem 
has  been  studied  by  D.  A.  Hill  and  R.  H.  McFarland^”  ^  for  the  image  glide.slope 
systems. 

The  primary  objective  of  this  study  is  to  derive  a  mathematical  model  which 
will  help  predict  the  effects  of  existence  of  irregular  terrain  on  the  Watts  glide 
slope  system  performance  and  to  show  how  accurately  the  mathematical  model  per¬ 
forms  by  comparing  the  theoretical  predictions  with  the  experimental  results. 
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Endfire  Glide  Slope. 


(1)  General  Discussion  of  the  Problem.  The  on-course  position  of 
the  endfire  glide  slope  is  determined  by  the  lobe  structure  of  the  two  antennas  and 
the  array  pattern  defined  by  the  antenna  spacing.  The  vertical  radiation  pattern 
of  the  system  is  formed  by  the  sum  of  all  the  electromagnetic  energy  transmitted 
directly  from  the  slots  of  the  antennas  and  that  which  is  reflected  from  the  ground 
plane.  The  relative  magnitude  and  phase  excitations  of  each  slot  or  source  can 
be  easily  measured  experimentally  with  a  dipole  antenna  probe  and  vector  volt¬ 
meter.  The  glide  path,  therefore,  depends  on  the  locations  of  the  antennas,  the 
relative  magnitude  and  phase  of  the  slot  excitations  and  reflected  energy  components 
from  surrounding  terrain.  The  knowledge  of  direct  and  reflected  signal  will  be 
sufficient  for  a  calculation  of  the  glide  path  roughness,  which  is  the  desired  result. 

In  general,  the  reflected  signal  depends  on  the  antenno  height,  the  terrain 
of  the  airport,  and  the  point  in  space  considei.^j  as  location  of  the  receiver.  The 
size  of  the  reflecting  surface  areas  on  the  terrain  is  an  important  factor  in  selecting 
a  method  to  be  used  for  the  calculation  of  the  reflected  energy. 

Where  there  are  large  flat  reflecting  surfaces  which  contain  at  least  the 
first  Fresnel  zone,ray  optics  may  be  used  effectively.  Where  surfaces  are  of  various 
slopes  and  elevations  the  more  time-consuming  methods  of  physical  optics  must  be 
resorted  to. 

A  program  was  developed  at  the  Avionics  Engineering  Center  which  combines 
these  methods  taking  advantage  of  the  speed  of  ray  optics  where  applicable  but  using 
the  physical  optics  technique  where  required.  The  model  as  used  for  the  Watts  Mark 
1  endfire  array  assumes: 

1 .  Uniform  terrain  slope  is  assumed  at  on  elevation  angle.  This  is  defined 

to  mean  the  area  of  hillside  whose  contours  are  straight  lines  over  the  area  of  interest 
and  these  contour  lines  are  perpendicular  to  the  runway  centerline. 

2.  The  radiation  is  nearly  uniform  in  the  vertical  direction  and  has  a 
horizontal  pattern  which  can  be  approximately  represented  by  cos  0. 

3.  For  cases  where  the  terrain  is  known  to  vary  in  a  direction  perpendicular  to 
runway  centerline,  divide  the  area  for  integration  into  discrete  sections  so  that  each 
section  considered  will  be  essentially  uniform  in  slope  and  orientation.  The  maximum 
number  of  sections  considered  in  this  work  is  two. 

The  direct  and  reflected  fields  for  each  of  the  180  slots  is  calculated  as  a  complex 
phasor  and  summed  over  appropriate  slots  to  give  CSB  and  SBO  fields  at  each  choMn  point 
in  space.  From  these  DDM  and  CD!  can  be  calculated  and  the  various  properties  of  the 
space  pattern  predicted. 


Endfire  Glide  Slope. 


(1)  Generol  Discussion  of  the  Problem.  The  on-course  position  of 
the  endfire  glide  slope  is  determined  by  the  lobe  structure  of  the  two  antennas  and 
the  array  pattern  defined  by  the  antenna  spacing.  The  vertical  radiation  pattern 
of  the  system  is  formed  by  ^e  sum  of  all  the  electromagnetic  energy  transmitted 
directly  from  the  slots  of  the  antennas  and  that  which  is  reflected  from  the  ground 
plane.  The  relative  magnitude  and  phase  excitations  of  each  slot  or  source  con 
be  easily  measured  experimentally  with  a  dipole  antenna  probe  and  vector  volt¬ 
meter.  The  glide  path,  therefore,  depends  on  the  locations  of  the  antennas,  the 
relative  magnitude  and  phase  of  the  slot  excitations  and  reflected  energy  components 
from  surrounding  terrain.  The  knowledge  of  direct  and  reflected  signal  will  be 
sufficient  for  a  calculation  of  the  glide  path  roughness,  which  is  the  desired  result. 

In  general,  the  reflected  signal  depends  on  the  antenna  height,  the  terrain 
of  the  airport,  and  the  point  in  space  considered  as  location  of  the  receiver.  The 
size  of  the  reflecting  surface  areas  on  the  terrain  is  an  important  factor  in  selecting 
a  method  to  be  used  for  the  colculation  of  the  reflected  energy. 

Where  there  are  large  flat  reflecting  surfaces  which  contain  at  least  the 
fint  Fresnel  zane,ray  optics  may  be  used  effectively.  Where  surfaces  are  of  various 
slopes  and  elevations  the  more  time-consuming  methods  of  physical  optics  must  be 
resorted  to. 

A  program  was  developed  at  the  Avionics  Engineering  Center  which  combines 
these  methods  taking  advantage  of  the  speed  of  ray  optics  where  applicable  but  using 
the  physical  optics  technique  where  required.  The  model  as  used  for  the  Watts  Mark 
1  endfire  array  assumes: 

1 .  LMiform  terrain  slope  is  assumed  at  on  elevation  angle.  This  is  defined 

to  mean  the  area  of  hillside  whose  contours  are  straight  lines  over  the  area  of  interest 
and  these  contour  lines  are  perpendicular  to  the  runway  centerline. 

2.  The  radiation  is  nearly  uniform  in  the  vertical  direction  and  has  a 
horizontal  pattern  which  can  be  approximately  represented  by  cos  0. 

3.  For  cases  where  the  terrain  is  known  to  vary  in  a  direction  perpendicular  to 
runway  centerline,  divide  the  area  for  integration  into  discrete  sections  so  that  each 
section  considered  will  be  essentially  uniform  in  slope  and  orientation.  The  maximum 
number  of  sections  considered  in  this  work  is  two. 

The  direct  and  reflected  fields  for  each  of  the  180  slots  is  calculated  as  a  complex 
phasor  and  summed  over  appropriate  slots  to  give  CSB  and  SBO  Fields  at  each  chosen  point 
in  space.  From  these  DDM  and  CDI  con  be  calculated  and  the  various  properties  of  the 
spoce  pattern  predicted. 


Since  a  method  is  available  to  theoretically  calculate  DDM  or  glide-path 
flyobility,  it  is  appropriate  to  proceed  to  compare  experimental  results  with  theoretical 
predictions  in  the  next  section.  Calculations  and  measurements  hove  been  mode  for 
the  Tamiami  site  in  Florida  representing  an  ideal  location  and  for  Shenandoah  Valley 
Airport,  Virginia,  where  a  significant  upslope  exists  in  front  of  the  antennas. 


Experimental  and  Theoretical  Results. 


(1)  Description  of  the  Test  Sites.  To  test  the  performance  characteristics 
and  the  peculiarities,  the  Watts  endfire  slotted  cable  glide  slope  array  was  set  up  in  the 
New  Tamiami  Airport,  Miami,  Florida  and  Shenandoah  Valley  Airport,  Staunton, 

Virginia  and  operated  on  331.1  MHz  and  332.6  MHz,  respectively. 


a)  New  Tamiami  Airport.  The  Ohio  University  test  site  at  the 
New  Tamiami  Airport  was  well  suited  For  the  Watts  glide  slope  tests  in  that  it  gave 
a  site  Free  from  obstruction  and  terrain  problems.  All  experimental  data  measured 
could,  therefore,  be  attributed  by  the  array  and  not  by  the  environmental  problems. 
The  tests  were  conducted  from  November,  1973  to  February,  1974. 


The  relative  slot  excitation  voltages  were  measured  using  a  dipole  antenna  and 
a  vector  voltmeter  by  a  Watts  Prototype  Company  engineer.  Figure  11-162  shows  the 
voltage  magnitude  and  phase  of  the  rear  antenna  with  respect  to  the  gap  number. 

Figure  11-163  shows  the  voltage  magnitude  and  phase  of  the  front  antenna  with  respect 
to  the  gap  number.  The  layout  of  the  site  with  the  placement  of  the  antennas  is  depicted 
in  Figure  11-164.  The  positions  of  the.  antennas  shown  were  used  in  the  computer  program 
to  obtain  the  theoretical  solutions. 


b)  Shenandoah  Valley  Airport.  The  Watts  slotted-cable  glide 
slope  antennas  were  removed  from  Tamiami  Airpo^ site  in  February,  1974,  reinstalled 
at  the  Shenandoah  Valley  Airport,  and  operated  at  332.6  MHz.  The  purpose  of  this 
series  of  tests  made  in  April,  1974  was  to  determine  performance  characteristics  of  the 
array  at  a  site  which  is  not  ideally  flat  as  the  New  Tamiami  Airport.  The  experimental 
data  measured,  therefore,  were  not  only  attributed  to  the  array  but  also  by  the  environ¬ 
mental  problem,  such  as  limited  ground  plane  at  the  threshold  and  a  hill  at  the  middle 
marker. 


Since  the  transmitter  frequency  at  Shenandoah  Valley  was  different  from  that 
at  the  New  Tamiami  Airport,  the  slot  excitation  had  to  be  remeasured.  It  should  be 
noted  that  these  were  the  same  physical  antenna  structures.  Figure  11-165  shows  the 
relative  magnitude  and  phase  of  the  slot  excitation  with  respect  to  the  slot  number  for 
the  rear  antenna.  Figure  11-166  shows  graphically  the  magnitude  and  phase  of  the 
front  antenna. 

Since  the  frequency  and  consequently  the  slot  excitations  have  changed, 
the  antenna  positions  used  for  the  New  Tamiami  Airport  cannot  be  used  to  provide 
satisfactory  results  at  Shenandoah  Valley.  The  Watts  Prototype  Gxnpany  used  atrial 
and  error  colculational  method  to  obtain  a  new  position  For  the  Watts  slotted-cable 
array  (Position  Number  6).  Figure  11-167  shows  the  layout  of  the  site  with  the 
placement  of  the  antenna.  Not  all  dimensions  are  drown  to  the  same  scale.  The 
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Figure  IM63L  Relative  Slot  Excitations  of  Front  Antenna, 
Tomiomi. 
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Relative  Slot  Excitations  of  Front  Antenna,  Staunton 


terrain  profile  of  the  Shenandoah  Valley  Airport  is  also  included  in  Figure  11-168  and 
Figure  11-169. 

(Z)  Comparison  Between  Theory  and  Experiment. 

a)  Experimental  Scheme.  One  of  the  objectives  is  to  evdl  uate 
the  glide-slope  flyability  and  the  peculiar  characteristics  of  the  system.  To  this  end, 
the  following  patterns  ore  flown  during  airborne  data  collections 

1 .  Low  Approach:  Landing  approach  on  the  runway  centerline  os  shown 

in  Figure  11-170;  ^ 

2.  Perpendicular  Cut:  Flying  perpendicular  to  the  runway  centerline  at 
1500  feet  altitude  approximately  at  5  miles  from  the  phase  center  such 
that  above  the  centerline,  the  airplane  is  at  a  3°  angle  with  respect 
to  the  phase  center  os  shown  in  Figure  11-170; 

3.  Level  Pass:  Flying  at  a  constant  altitude  above  the  runway  centerline 
os  shown  in  Figure  11-170. 

b)  Comparison  ond  Error  Analysis.  In  order  to  test  the  mathematical 
model  presented  in  this  chaoter  (a.  Theory  and  Analysis  of  the  Effects  of  Irregular  Terrain 
on  Watts  endfire  glide  slope),  a  computer  program  is  used  to  calculate  the  DDM or  pA(CDI, 
microampere  value)  at  discrete  points  for  various  flight  tracks  mentioned  in  the  previous 
section.  The  flight  recordings  in  pA,  obtained  by  Ohio  University  flight  checks,  yield 
the  same  information  in  continuous  form.  The  calculations  are  for  observation  points 
spaced  200  feet  apart  for  low  approach  and  perpendicular  cut,  and  .1*  apart  for 

level  pass  os  these  points  are  connected  to  produce  a  pseudo-continuous  form  which 
is  more  easily  compared  with  experimental  results.  Since  the  flight  recordings  are 
expressed  in  pA,  the  predicted  results  are  also  given  in  pA  for  direct  comparison. 

Errors  are  defined  to  be  the  differences  between  theoretical  calculations  and  experi¬ 
mental  measurements . 

For  the  purpose  of  quantifying  the  errors  between  theoretical  and  experimental 
results,  approximately  25  points  were  taken  from  each  theoretical  and  experimental 
graph,  and  statistical  values  hand  calculated  using  a  Texas  Instrument  SR-50  calcu¬ 
lator.  Results  are  discussed  briefly  in  the  following  paragraphs  and  are  included  in 
each  of  the  graphs . 

Figures  11-171  to  11-173  show  comparisons  for  low  approaches  performed 
at  Tamiami  along  with  calculated  predictions  in  dotted  curves.  These  three  experi¬ 
mental  curves  were  obtdned  with  4  and  6  inches  of  movement  of  the  rear  antenna  to 
the  north  side  of  the  runway.  Rgure  11-171  has  shown  a  mean  error  of  14.1  pA  and 
standard  deviation  of  11 .2  pA.  Comparisons  between  theory  and  experimental  results 
for  Rgure  11-172  and  Rgure  11-173  yield  mean  errors  of  9.45  pA  and  9.5  pA, 
standard  deviation  of  9.26  pA  and  7.14  pA  respectively. 


Figure  11-168.  Terrain  Profile  of  Shenandoah  Valley  Airport,  Staunton. 


Figure  11-169.  Extended  Terrain  Profile  of  Shenandoah  Valley  Airport,  Staunton 
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To  determine  the  azimuthal  coverage,  peqsendicular  cuts  were  performed  at 
altitudes  of  1600  feet  and  1700  feet  at  a  range  of  5.78  and  6.14  nm,  respectively. 
Experimental  results  are  shown  along  with  predictions  in  Figure  11-174  and  Figure  11-175 
The  predicted  paths  follow  the  experimental  paths  with  a  maximum  error  of  40  HA. 

The  mean  errors  are  24.58 HA  and  19.91  HA;  the  standard  deviations  are  16.68HA 
and  17.05  respectively. 

Prediction  for  level  pass  at  altitude  1000  feet  is  compared  with  experimental 
results  in  Figure  11-176.  The  calculated  zero  crossing  is  close  to  the  experimental 
zero  crossing.  The  maximum  error  is  12  hA  at  one  end  of  the  curve.  Mean  error  is 
6.49  and  standard  deviation  is  3.58  hA. 

It  is  important  to  point  out  in  the  previous  theoretical  and  experimental 
graphical  data  that  the  glide-slope  three  dimensional  on-course  surface  produced 
by  the  Watts  endfire  array  is  irregular  even  at  a  flat  site  such  as  the  Tamiami  Airport. 
The  irregularity  is  due  to  imperfections  in  the  antenna  slot  excitations.  With  irregular 
terrain,  the  glide  path  will  have  further  irregularities  as  will  be  demonstrated  in  the 
discussion  of  the  Watts  array  operation  at  a  site  with  irregular  terrain. 

At  the  Shenandoah  Valley  Airport,  the  glide  path  is,  as  expected,  rough  due 
to  the  effect  of  the  terrain;  the  predicted  calculation  for  flyability  is  a  better  approxi¬ 
mation  at  9000  feet  than  at  1000  feet  from  the  threshold  as  shown  in  Figure  11-177. 

The  maximum  error  is  30 pA  at  near  Field  and  1 1  fA  at  far  field.  One  notes  that  in 
Figure  11-177  the  greatest  deviation  between  calculated  and  measured  curves  occurs 
approximately  700  feet  from  the  threshold.  At  this  point  in  the  flight  track  the  rough 
terrain  is  either  below  or  behirxl  the  aircraft  and  the  terrain  should  have  essentially 
no  effect  on  the  measured  path.  It  is  known  from  calculations  made  by  the  Watts 
Prototype  Company  and  from  extensive  measurements  by  Ohio  University  that  the 
path  structure  in  space  is  critically  dependent  on  the  physical  positionir^  of  the 
antennas.  Moves  of  only  a  few  inches  are  significant.  It  is  probable  that  the 
location  of  the  antennas  for  the  measurements  was  not  precisely  that  specified  in 
the  calculations.  The  region  in  space  for  the  effect  of  this  discrepancy  to  be 
most  evident  is  that  near  the  700-foot  point  in  Figure  11-177;  hence,  it  is  reason¬ 
able  to  conclude  that  the  discrepancy  observed  in  Figure  11-177  and  other  low 
approach  profiles  can  be  attributed  to  antenna  positioning  accuracy  rather  than 
the  mathematical  method. 

Experiments  for  perpendicular  cuts  at  altitude  1300  feet  from  South  to  North 
are  shown  in  Figure  11-178,  and  1500  feet  from  North  to  South  in  Figures  11-179 
and  11-180,  along  with  the  theoretical  calculations.  Maximum  errors  are  57  pA, 

44  pA,  and  41  pA  respectively;  standard  deviations  are  14.04pA,  14.75pA,  arid 
1 1 .83  pA  respectively.  The  errors  are  understandably  large  here  because  the  terrain 
beyond  200  feet  on  either  side  of  the  runway  extended  centerline  is  not  known. 

Level  pass  at  an  altitude  of  1000  feet  is  shown  tn  Figure  11-181  with  the 
calculated  results.  The  mean  error  is  13.26pA  and  starxlard  deviation  is  8.89 pA. 
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Figure  1W74,  Perpendicular  Cut,  Altitude  1600',  Run  18-17,  Tamiomi. 
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Figure  11-175.  Perpendicular  Cut,  Altitude  1700*,  N-S,  Tomiomi. 


Figure  11-176.  Level  Pass,  Altitude  1000',  Run  18-6,  Tamiami. 
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Figure  11-177.  Low  Approach,  Staunton. 
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- Measured  Path 

Mean  Error  =  20.32  pa 
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Figure  11-178.  Perpendicular  Cut,  Altitude  1300'.  Run  1-7,  Stauiton 
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Figure  11-179, Perpendicular  Cut,  Altitude  1500',  Run  1-4,  Staunton. 


Figure  11-182  shows  a  level  pass  at  1500  feet  on  centerline.  Again  the  mean  error 
is  9.33  pA;  the  starxlard  deviation  is  5.1  8mA.  Note  that  a  flat  spot  is  apparent  on 
Figure  11-182  from  2.5*  to  2.7*. 

c.  Choracteristics  of  Off’Centerline  Theoretical  Prediction.  As  is 
shown  in  the  previous  section,  the  glide  slope  is  irregular  on  the  runway  extended 
centerline  and  the  cone  produced  by  the  endfire  array  has  been  flattened  to  cover 
approximately  24*  In  azimuth  (8*  North  and  16*  South  of  centerline).  The 
theoretical  predictioru  are  made  for  either  side  of  the  centerline  to  show  how  much 
symmetry  exists  and  to  aid  the  reader  in  visualizing  the  three^imensiorKil  structure. 

With  the  frequency  trartsmitter  at  331 .1  MHz,  Figures  11-183  to  11*185 
show  the  theoretical  calculated  glide  paths  for  low  approaches  with  4*  North  and 
South,  6*  North  and  South,  orxl  8*  l^rth  and  South  respectively.  These  curves 
show  some  peculiar  characteristics  of  the  array  if  we  moke  a  low  approach  off  the 
runway  centerlirM  at  a  given  angle  in  azimuth.  Figure  11-186  shows  the  theoretical 
.35*  above  and  below  path  approaches. 

Figures  11-187  to  11^192  are  theoretical  calculations  for  level  passes  off 
the  centerline  at  3*  ,  4*  ,  5  *  ,  6*  ,  7*  and  8*  North  and  South  at  an  altitude  of 
1000  feet.  Note  that  the  zero  crossings  for  5*N  and  5*S  are  very  close  to  each 
other.  This  is  confirmed  by  Figure  11-174,  run  number  18-17. 
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Figure  11-183.  Low  Approaches  4*  South  and  North  of  Runway  Centerline. 


Theoretical  Low  Approach  6°  North  of  Centerline 
Theoretical  Low  Approach  6®  South  of  Centerline 
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Approach  6*  South  and  North  of  Centerline 


Figure  11-185.  Low  Approach  8"  South  and  North  of  Centerline,  Tamiami. 
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Figure  11-186,  Above  and  Below  .35®  Approaches,  Tomiami. 


Figure  11-187.  Level  Pass,  Altitude  1000',  3*  North  and 
South  of  Centerline. 
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Figure  11-189.  Level  Pcss,  Altitude  1000',  5”  North  and  South 
of  Centerline. 
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Figure  11-190.  Level  Pass,  Altitude  1000',  6*  North  and  South 
of  Centerline. 
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1  Figure  11-191.  Level  Pass,  Altitude  1000',  7*  North  and  South  of 

Centerline,  Tamiami. 


Figure  11-192,  Level  Pees,  Altitude  1000',  8®  North  and  South  of 
Centerline,  Tamiami . 
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with  the  transmitter  frequency  at  332.6  MHz,  Figures  11-193  through  11-195 
show  the  theoretical  calculations  for  low  approaches  off  4”,  6" ,  and  8*  to  the  North 
and  South  of  the  runway  centerline.  Notice  that  the  north  side  seems  to  hove  a  more 
stable  path  than  that  of  the  south  side.  The  path  farther  from  the  centerline  Is  more 
rough  ^an  that  closer  to  the  centerline. 

^th  the  knowledge  of  the  path  slope  on  and  off  the  runway  centerline,  a 
sketch  (Figure  11-196  )  has  been  prepared  to  Illustrate  the  Watts  glide-slope  on-course 
surface  In  three  dimenslans.  Note  this  Is  In  the  basic  sense  the  broadened  elemental 
conical  surface  typical  of  an  endfire  array. 

d .  Conclusions.  An  analytical  approach  has  been  used  to  study  the 
effect  of  rising  ground  In  the  approach  region  served  by  a  Watts  slotted-cable  endfire 
glide  slope.  The  mathematical  model  which  is  used  to  calculate  path  characteristics 
makes  use  of  integration  over  the  irregular  terrain  surfaces.  This  is  the  scheme  used 
for  the  Image  glide  slope  system,  now  modified  to  work  with  the  Watts  glide  slope 
system.  It  gives  an  approximation  of  the  actual  glide  path  flyability.  The  penalty 
for  using  this  method  is  that  it  takes  about  two  hours  of  computer  time  for  a  run  of  a 
low  approach  or  a  level  pass. 

A  computer  program  has  been  written  to  calculate  the  direct  field  arxl  the 
reflected  field  by  the  ray-optic  technique  as  well  as  the  integration  technique.  It 
provides  the  resultant  glide  path  in  DDM  or  CDI  deflection.  As  well  as  predicting 
the  glide-path  flyability,  the  computer  program  also  can  be  used  to  calculate  other 
glide-path  characteristics  such  as:  level  passes  on  and  off  runway  centerline  at 
various  altitudes;  clearance  run  on  runway  centerline  and  perperKlicular  cuts  at 
different  altitudes. 

By  comparison  of  computer  theoretical  prediction  and  actual  flight  measure¬ 
ments,  the  predicted  path  has  been  found  to  give  a  minimum  mean  error  of  6pA  and  a 
maximum  mean  error  of  24.5  pA.  Since  the  worst  mean  error  is  24.5  pA,  we  may 
expect  the  model  to  predict  at  an  unkrxjwn  site  with  a  mean  error  not  exceeding 
24.5  pA. 

I  This  model  in  its  present  form  has  a  limitation  of  being  incapable  of  predicting 

the  DDM  at  an  observation  point  that  is  off  the  runway  centerline  with  irregular  terrain 
because  the  profile  does  not  cover  the  area  necessary  for  the  calculation  of  the  re¬ 
flected  signal . 

The  significance  of  this  theoretical  work  with  the  mathematical  model,  is  that 
it  permits  ane  to  predict  the  effects  of  irregular  contour  on  the  Watts  endfire  system. 
With  the  proper  use  and  change  of  the  input  data  to  the  computer  program,  the  glide- 
path  flyability  can  be  predicted  given  an  airport  profile.  By  using  this  tool,  the 
i  desirability  of  relocation  of  the  antennas  due  to  the  change  of  slot  excitations  may 

r  be  ascertained . 
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Figure  1H93.  Theoretical  Low  Approach,  4*  North  and  South  of  Centerline,  Staunton. 


Figure  1V194.  Theoretical  Low  Approach,  6*  North  and  South  of  Centerline,  Staunton. 


Theoretical  Predictions  - 8*  North  of  Centerline 
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Figure  11-195.  Theoretical  Low  Approach,  8"  North  and  South  of  Centerline. 


The  classical  method  of  ray-oprics  technique  is  also  used  in  cases  where  the 
first  Freanel  zones  are  smaller  than  the  flat  terrain  of  the  airport.  This  will  help  to 
reduce  the  long  computing  time  caused  by  the  large  number  of  Huygen's  sources 
with  the  integration  technique. 

Improvements  in  the  model  can  be  obtained  by  incorporating  the  diffraction 
effects  from  hill  tops  or  edges  of  flat  terrain  areas  which  suddenly  drop  off  into 
valley  areas. 

6.  Evaluation  of  the  Watts  Mark  3  Endfire  Glide  Slope  at  Rock  Springs, 

Wyoming. 

a.  Introduction .  Two  flight  evaluations  of  the  Watts  Mark  3  glide 
slope  system  were  performed  November,  1977  and  May,  1978.  This  section  presents 
results  and  conclusions  from  these  evaluations. 

b.  Background.  The  Rock  Springs  (Sweetwater  County),  Wyoming 
Airport  is  situated  on  top  of  a  mesa  at  an  altitude  of  6747  feet  MSL  and  is  located 
in  southwest  Wyoming.  A  new  runway  (9/27)  is  presently  under  constniction  that 
offers  a  limited  ground  plane  that  would  prohibit  operation  of  an  image-type  system. 
Consequently,  a  Watts  Mark  3  endfire  (non-image)  glide  slope  system,  using  standard 
length  slottecf-cable  antennas  has  been  selected  and  installed  on  Runway  27  now  under 
construction.  This  system  has  been  set  up  before  runway  completion  in  order  to  permit 
evaluation  of  monitoring  and  performance  stability,  factors  heretofore  studied  only 
with  temporary  experimental  site  conditions  as  described  earlier  in  this  report.  This 

is  the  first  example  of  a  Watts  system  being  ir»talled  os  a  permanent  facility. 

This  section  contains  the  results  of  airborne  evaluations  of  the  Watts  system 
performed  in  November,  1977  and  May,  1978,  by  members  of  the  FAA,  Ohio  Univer¬ 
sity,  and  the  Watts  Prototype  Company. 

The  aircraft  used  for  the  November,  1977  measurements  was  a  Beechcroft 
Bonanza  A-36  equipped  with  the  Ohio  University  Mark  3  Mini  lab  data  collection 
package.  A  Bonanza  V-35,  similarly  equipped,  was  used  in  May,  1978.  Because 
no  localizer  was  available  for  Runway  27,  azimuth  guidance  for  the  aircraft  was 
provided  by  Warren  Knight  Model  WK  83  theodolite  through  a  second  telemetry 
channel. 

c.  Flight  Evaluation,  November  1977.  The  theodolite,  which 
provided  both  azimuth  and  elevation  references,  was  located  on  runway  centerline 
62  inches  high,  98  feet  in  front  cf  the  touchdown  point. 

The  weather  for  the  testing  period  involved  temperatures  ranging  from  0*  in 
the  morning  to  20*  F  in  the  afternoon  and  moderate  gusHng  winds  at  times;  on  several 
occasiortt,  snow  showers  restricted  visibility  and  halted  flight  checkirtg. 
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At  the  time  of  these  tests,  commercial  power  was  not  yet  available  at  the 
glide  slope  site;  therefore,  an  FAA-fumished  emergency  generator  was  used.  The 
use  of  a  mobile  power  source  rather  than  commercial  power  did  not  in  any  way  appear 
to  degrade  system  performance.  The  $lotted«cable  antennas  are  presently  positioned 
for  a  runway  that  is  5  feet  lower  than  the  existing  runway.  A  fly-down  signal, 
referencing  the  runway,  is  then  produced  when  approaching  close  to  the  threshold. 

This  along  with  the  path  angle  depression  exhibited  in  the  previous  Tamiami  tests 
yields  an  undesirable  composite  which  will  necessarily  be  modified. 

The  transmitter  and  monitor  used  with  the  Watts  antenna  are  part  of  the 
standard  Wilcox  Mark  I  D  two-frequency  system.  Three  monitor  channels  are  pro¬ 
vided.  Transmitting  and  monitoring  antenna  positioning  for  this  system  are  shown  in 
Figure  11-197.  The  position  of  the  antennas  with  respect  to  each  other  is  the  same  as 
they  were  in  the  Tamiami  installation  discussed  earlier;  however,  the  phase  center  is 
displaced  an  additional  40  feet  from  the  runway  center  and  the  antenna  system  is 
canted  by  one  more  degree  (a  total  of  4.5  degrees)  towards  the  runway. 

(1)  Discussion  of  the  Data.  Data-taking  at  Rock  Springs  was 
performed  in  a  manner  consistent  with  (J.S.  Flight  Inspection  Handbook  specifications. 
In  addition;  emphasis  was  placed  on  measurements  that  vould  provide  special  inform¬ 
ation  on  perpendicular  path  structure,  a  component  that  is  crucial  to  proper  endfire 
operation. 

Rgure  11-198 shows  a  typical  transition  made  from  7  miles  from  the  array  to 
2  mi  les  at  1000  feet  over  the  extended  centerline.  The  two  traces  on  this  recording 
represent  the  same  infonnation  only  at  different  scale  factors,  one  with  ±100  micro¬ 
amperes  full  scale,  and  the  other  at ±250  microamperes  full  scale.  Although  not 
shown  in  Figure  11-198,  below  path  clearance  is  greater  than  200  mircoamperes  below 
2.07^.  The  path  angle  is  measured  at  2.97^,  the  width  at  .70^,  with  a  symmetry  of 
50:50  for  the  ^75  microampere  points;  1 .42^  total  width  angle  with  a  symmetry  of 
48:52  (above/below)  for  the  150  microampere  points.  A  very  good,  nearly  linear 
vertical  path  structure  is  evident. 

Rgure  11-199  shows  the  final  portion  of  a  low  approach  (pattern  A).  Toler¬ 
ance  limits  for  Category  I  structure  and  course  alignment  have  been  added  to  this 
figure;  scale  factor  for  both  the  difference  amplifier  and  CDI  trace  is  ±  100  micro¬ 
amperes  full  scale.  As  seen  in  Rgure  11-199,  the  path  dips  downward  beyond 
tolerance  limits  near  runway  threshold. 

Calculations  show  that  a  5-fbot  height  differential  between  the  reference  and 
a  low  path  indicate  a  0.29*  depression  at  the  threshold.  Flight  checks  on  this  Watts 
Mark  3  array  at  a  level  Tamiami  site  revealed  a  smaller  (40  microampere)  dip  in  the 
path  structure  with  a  revenal  500  feet  before  the  threshold.  Meare  for  modifying 
this  depression  is  now  under  investigation  by  Watts. 
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Runway  Threshold 


of  the  centerline  point  abeam  the  phase  center.  (September,  1977) 
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Rgure  1V-200  reveals  the  path  structure  os  a  function  of  azimuth.  As  with 
Figure  11-198,  both  traces  represent  CDI,  only  with  varying  scale  foctori  Q.5:1). 

As  can  be  seen  the  azimuth  coverage  is  skewed  with  respect  to  mnway  centerline  to 
provide  best  possible  path  structure  from  the  outer  marker  to  point  C.  Rgures  of  merit 
for  the  perpendicular  structure  con  be  determined  by  the  difference  in  CDI  values 
between  specific  azimuth  angles  (see  Table  11-16). 


Localizer 

5®-5* 

8®-8® 

+30  pA 
Sector 

Rock  Springs 

40  pA 

57  pA 

57  pA 

23.5® 

Tamiami 

27  pA 

40  pA 

49  pA 

19.6® 

Table  1 1-16.  Figures  of  Merit  for  Perpendicular  Stiucturn. 


Monitor  alarm  limits  for  the  path  angle  were  set  by  adjusting  tone  balance  and 
checked  by  line  dephasing.  Path  width  alarm  limits  were  set  by  adjusting  the  sideband 
power  level  arKi  checked  by  sideband-to-carrief  dephasing.  Weather  conditions  pre¬ 
vented  more  extensive  checking  during  this  series  of  tests. 

(2)  Conclusions  -  November,  1977  Test  Series.  The  following 
conclusions  are  based  on  data  obtained  from  flight  measurements  nxide  at  Rock  Springs, 
Wyoming,  November,  1977. 

1 .  Data  obtained  on  the  characteristics  of  the  Watts  system  operating  at 
Rock  Springs  are  consistent  with  those  obtained  at  Tamiami. 

2.  Differential  in  rxjnway  height  and  effective  antenna  array  height  results 
in  a  decrease  of  the  path  angle,  observed  approaching  the  runway  threshold,  when 
referencing  the  touchdown  point  on  the  runway.  This  condition  needs  to  be  corrected. 

3.  Azimuth  coverage  appears  adequate.  The  increceed  displacement  of  the 
array  from  the  runway  centerline  compared  to  the  Tamiami  installation  has  resulted  in 
a  less  desirable  azimuth  coverage  pattern. 

4.  Clearance  below  path  and  smoothness  of  the  general  path  structure  are 
excellent. 

5.  Recordings  of  the  level  transition  through  the  vertical  path  structure 
indicate  very  little  influence  of  the  irregular  terrain  near  the  site.  A  very  nearly 
perfect  linear  vertical  stnicture  is  present. 

6.  The  Mark  I  D  serves  adequately  os  a  transmitter;  however,  signal 
strength  available  at  10  miles  is  at  minimum  allowable  levels. 
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7.  Clearance  power  level  should  be  monitored  with  a  +1  dB  tolerance. 

Main  transmitter  power  level  should  also  be  maintained  within  this  tolerance. 

8.  The  two-frequency  operation  is  considered  essential  for  adequate 
coverage  and  performance. 

d.  Flight  Evaluation/  May,  1978.  This  section  presents  data  on  the 
performance  of  the  Watts  MaHc  3  endfire  glide  slope  array  installed  on  Runway  27 
at  Rock  Springs,  Wyoming,  as  measured  in  May,  1978.  Following  the  November, 

1977  flight  checks  discussed  in  the  previous  pages.  Watts  determined  new  antenna 
positions  necessary  to  compensate  for  the  dip  noted  in  the  path  os  the  aircraft 
approached  the  threshold.  It  was  decided,  however,  that  the  antennas  not  be 
moved  to  the  new  positions  until  a  second  series  of  flight  measurements  were  mode. 

The  motive  was  to  allow  detennination  of  stability  and  the  effects  of  other  system 
changes.  Three  known  changes  had  occurred,  viz,(1)  removal  of  approximately 
one  foot  of  earth  from  the  runway  surface,  (2)  relocation  of  the  monitor  pickup  probes 
from  approximately  50  feet  in  front  of  the  antennas  to  a  position  a  few  inches  to  the 
rear  of  the  transmitting  slotted  cable,  and  (3)  replacing  the  plastic  antenna  pedestals 
with  fiberglass  pedestals  for  improved  rigidity. 

Results  of  the  changes  given  above  were  seen  as  an  increase  in  path  angle 
and  width  and  the  lateral  tilting  of  the  on-course  surface.  Indications  are  that  changes 
associated  with  installation  of  the  new  pedestals  are  responsible  because  the  other 
system  changes  are  known  to  be  incapable  of  altering  the  path  characteristics  os 
observed  between  the  November  and  May  flight  evaluations. 

Antenna  phasing  arxi  sideband  power  were  adjusted  so  as  to  provide  a  path 
angle  artd  width  of  3.00  and  0.70,  respectively.  Ibis  action  did  bring  about  Category  I 
performonce  although  the  transverse  slope  in  the  course  structure  remained.  The  antenna 
positioru  were  then  changed  resulting  in  minimization  of  that  tilt. 

The  monitor  pickup  probes  had  been  moved  from  their  position  of  approximately 
fifty  feet  in  front  of  the  antennas  to  several  inches  behind  the  antennas  to  minimize 
the  effect  of  changes  in  the  ground  plane  on  the  monitor  readings.  Sizable  snow  drifts 
between  the  antenna  and  the  pickup  probes  had  caused  large  fluctuations  in  the  monitor 
during  the  winter.  The  new  pickup  probe  positions  did  make  the  monitor  less  suscept¬ 
ible  to  ground  plane  variations,  but  unfortunately  desensitized  the  monitor  to  some 
fault  conditions. 

Delays  in  acquiring  data  were  caused  by  heavy  snow,  dust  storms,  and  high 
gusting  winds  (up  to  50  MPH).  Temperatures  ranged  from  25^F  in  the  mornings  to  the 
low  50's  in  the  afternoon.  Once  weather  conditions  improved,  136  flight  runs  were 
made  over  a  four-day  period. 

(1)  Thwdolite  Plocement.  The  position  of  the  theodolite  is,  of 
course,  most  important  to  the  apparent  course  structure  recorded  near  threshold. 

Because  the  endfire  system  is  an  entirely  different  physical  configuration  of  radiating 


'  elements  forming  the  glide  slope,  the  instructions  provided  in  the  Flight  Inspection 
Handbook  8200. 1  for  theodolite  placement  are  not  applicable.  The  basic  philosophy 
still  applies,  viz,  that  the  reference  system  should  provide  for  an  ideal  reference 
path  leading  to^the  touchdown  portion  of  the  runway. 

Two  theodolite  locations  were  used  for  the  measurement  mode  at  Rock 
Springs.  The  theodolite  was  located  on  the  planar  surface  rising  at  a  3-degree  ele¬ 
vation  angle  from  the  touchdown  point  on  the  runway.  The  first  location  was  on  the 
centerline  of  the  runway  in  order  to  provide  convenience  in  referencing  the  math¬ 
ematical  predictions.  Because  of  anticipated  problems  of  locating  on  the  runway  for 
practical,  routine  flight  checking,  the  theodolite  was  relocated  on  the  reference 
3-degree  plane  but  at  the  edge  of  the  runway.  A  comparison  shows  that  no  signi¬ 
ficant  difference  in  observed  values  is  produced. 

Concern  with  theodolite  placement  was  heightened  because  of  the  earth 
rrtovement  associated  with  construction  of  this  new  Runway  27.  Upon  arrival  at  Rock 
Springs  it  was  learned  that  the  earth  surface  representing  l^nwoy  27  was  now  one  foot 
lower  than  it  hod  been  in  November.  Earlier  complications  had  occurred  when  a 
3-degree  lateral  slope  was  graded  and  the  antenna  array  necessarily  hod  to  be  placed 
on  this  slope. 


Figure  11-201  indicates  the  nature  of  measurement  errots  that  can  occur  with 
improper  theodolite  placement.  If  properly  placed,  the  theodolite  will  not  hove  to 
deviate  from  the  actual  glide  path  angle  as  the  aircraft  moves  in  toward  the  theodolite. 
For  a  theodolite  positioned  above  the  actual  path  angle,  an  apparent  dip  in  the  path 
will  occur  as  the  aircraft  nears  threshold;  conversely,  a  theodolite  positioned  below 
the  path  angle  will  see  an  apparent  rise  in  the  path  near  threshold  (a  report  present¬ 
ing  a  detailed  analysis  of  measurement  errors  introduced  by  theodolite  placement  has 
been  written  Obviously,  the  eyepiece  of  the  theodolite  should  be  positioned 

along  the  glide  path  to  measure  accurately  and  directly  the  structure  of  the  radiated 
glide  slope  signal. 

On  Runway  27,  the  touchdown  point  on  the  runway  is  where  a  perpendicular 
to  the  runway  centerline  intersects  the  phase  center  of  the  antenna  array.  The  runway 
slopes  upward  toward  Hireshold  at  a  0.4%  grade;  the  completed  runway  surface  will 
be  3  inches  higher  than  the  ground  level  at  the  time  the  flight  evaluations  were  run. 

To  position  a  theodolite  on  a  level  runway  suroce  at  a  3®  path  angle  with  the 
eyepiece  at  the  nominal  62  inch  height,  the  distance  from  tlto  touchdown  point  would 
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Theodolite  Below  Path 


Figur*  1 1-201. 


Conceptual  Drawing  Depicting  the  Effect  of  Theodolite  Placement 
on  the  Measured  Path  Structure  Near  Threshold. 
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be: 


62  inches 
ton  3* 


98.6  feet. 


However,  because  the  completed  runway  will  be  3  inches  higher  than  the  existing 
ground  level,  the  theodolite  should  be  placed  at  65  inches  high,  98.6  feet  from  the 
touchdown  point  in  order  to  observe  the  path  os  it  will  appear  on  the  completed  run¬ 
way.  Taking  the  runway  grading  into  account,  however,  the  theodolite  should  be 
lowered  by4.7  inches  (=98.6  feet  x  0.4%).  Using  these  values,  the  theodolite  was 
placed  along  centerline  98.6  feet  from  touchdown  with  the  eyepiece  at  60.3  inches 
(60.3  inches  =  62.0  +  3.0-4.7). 

When  selecting  the  theodolite  position  off-centerline,  it  is  assumed  that  the 
glide  path  forms  a  plane  consisting  of  points  that  are  at  a  3**  angle  with  respect  to 
the  runway  touchdown  point.  Any  position  near  the  runway  where  the  eyepiece  of 
the  theodolite  intersects  that  plane  is  correct.  The  phase  center  is  four  feet  below 
the  runway  centerline  elevation  on  Runway  27.  Human  factors,  however,  dictate 
that  the  theodolite  be  positioned  at  close  to  62  inches.  In  order  to  achieve  that,  the 
theodolite  was  moved  15  feet  from  the  phase  center  towards  the  far  side  of  the  runway 
at  threshold  and  the  eyepiece  set  at  62  inches. 

(2)  Analysis  of  Localizer-Edge  Performance  from  Perpendicular^ 

Git  Data.  Oie  factor  that  must  be  considered  in  evaluating  a  glide  slope  system 
is  performance  along  the  localizer  edge.  Because  Rock  Springs  Runway  27  did  not 
have  a  localizer,  performance  along  the  assumed  localizer  edge  was  evaluated  in¬ 
directly.  The  only  quantitative  specifications  given  by  Flight  Standards  is  that  the 
path  angle  at  the  localizer  edges  must  be  within  +7.5%  of  the  value  on  centerline. 
This  information  was  determined  using  the  theodolite  reference  located  at  the  touch¬ 
down  point  and  the  geometries  illustrated  in  Rgure  11-202.  For  example,  if  an  air¬ 
craft  is  on  the  south  localizer  edge  at  point  C,  its  azimuth  angle  with  respect  to  the 
antenna  array  is  5.3®  south;  an  aircraft  on  centerline  at  point  C  is  at  an  angle  of  6.2® 
north  with  respect  to  the  array.  The  difference  in  path  angles  for  those  two  points  can 
then  be  determined  from  flight  records  of  perpendicular  cuts  to  the  path  to  determine 
path  behavior  at  these  points.  Although  the  azimuth  angle(s)  given  on  the  perpendicu¬ 
lar  cuts  were  measured  by  theodolite,  they  are  also  very  close  to  what  would  be  seen 
by  the  array  because  the  aircraft  was  at  a  large  distance  (approximately  4-1/2  miles) 
from  both  the  theodolite  and  the  array  for  these  runs. 

Using  the  information  described  above,  approximations  to  localizer-edge 
performance  can  be  made  even  though  the  actual  localizer-edge  measurement  could 
not  be  made  directly. 

(3)  The  iTKmitor  pickup  probes  had  been  moved  since  the  November 
flight  evaluation  to  positions  shown  in  Rgure  11-203.  The  former  probe  locations  had 
proven  effective  in  Tamiami,  Florida;  however,  sizable  snow  drifts  encountered  in 
Rock  Springs  resulted  in  unacceptable  monitor  response.  The  probes  were  moved  to  a 
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1000'  to  Runway  Threshold 


Figure  11-203.  Layout  of  the  Watts  System  at  Rock  Springs  Airport.  Heavy  tracings 

of  feed  lines  indicate  transmission  lines  carrvina  power  to  the  antennas. 
(May,  1978) 


position  a  few  inches  behind  the  slotted-cable  transmitting  antennas  and  just  behind 
the  reflectors.  This  minimized  effects  caused  by  such  local  ground  plane  changes. 

Movement  of  the  monitor  probes  did  result  in  stable  monitor  operation;  however, 
the  monitor  was  no  longer  capoble  of  responding  properly  to  faults  located  on  the 
slotted  cable  between  the  monitor  sampling  elements.  Modifications  to  the  pickup 
probes  are  planned  by  Watts  to  bring  about  proper  monitor  operation. 

At  one  point  in  the  test  sequence,  the  monitor  probes  were  removed  from  their 
present  position  to  determine  what,  if  any,  effect  they  had  on  the  radiated  glide  path. 
Flight  checks  performed  with  the  probes  removed  revealed  no  significant  change  in 
path  characteristics  with  respect  to  data  taken  with  the  probes  in  place. 

The  Mark  I  D  monitor  system  requires  two  "path"  inputs  in  order  to  perform 
properly.  When  operating  with  a  capture^ffect  system,  these  inputs  are  provided  by 
the  integral  path  detector  and  the  360®  proximity  point  detector.  As  configured  with 
the  Watts  system,  one  of  these  path  signals  comes  from  the  Integral  monitor,  and  the 
other  Is  sampled  from  a  point  in  the  antenna  distribution  network  where  the  sideband 
and  carrier  signals  add  in  quadrature.  This  auxiliary  monitor  responds  to  changes  in 
Carrie r-to-si deband  phasing  and,  as  will  be  shown  in  the  section  on  fault  testing,  will 
alarm  well  before  any  degradation  is  observed  in  the  far-field  signal.  Relaxation  of 
the  alarm  limits  for  this  monitor,  however,  are  not  considered  necessary  due  to  the 
stability  that  is  typically  realized  in  carrier-to-sideband  phasing  with  the  Mark  I  D 
transmitting  system. 

(4)  Discussion  of  the  Data.  As  In  November,  1977,  this  May, 

1978  data  collection  at  Rock  Springs  was  accomplished  in  a  rtKinner  generally  con¬ 
sistent  with  U.S.  Flight  Inspection  Handbook  specifications.  Special  emphasis  as 
usual  with  the  Watts  array  was  placed  on  measurements  providing  information  on  the 
perpendicular  path  structure. 

a)  Normal  Operation.  Figure  11-204  shov/s  a  typical 
transition  (Pattern  B)  made  from  7  mi les  from  the  array  to  2  miles  at  1000  feet  over 
the  extended  runway  centerline.  The  two  traces  on  this  recording  represent  the  same 
information  only  at  different  scale  factors,  one  with +100  microamperes  full  scale, 
and  the  other  at +250  microamperes  full  scale.  As  seen  in  Rgure  11-204,  below  path 
clearance  is  greater  than  200  microamperes  below  2  20®.  The  path  angle  is  measured 
at  3.00®,  the  width  at  0.68®,  with  a  symmetry  of  48:52  (above/be low);  1 .24®  total 
width  angle  with  a  symmetry  of  47:53  (above/below)  for  the  150  microampere  points. 

As  with  the  level  transmission  data  taken  in  November,  a  very  good,  nearly  linear 
vertical  path  structure  is  evident. 

Figure  11-205  presents  several  low  approaches  (Pattern  A).  Tolerance  limits 
for  Category  I  structure  and  course  alignment  have  been  added  to  this  figure;  scale 
factor  for  these  traces  is +100  microamperes  full  scale.  As  can  be  seen  in  Rgure  11-205, 
path  structure  meets  Category  I  specifications  for  path  structure.  However,  a  depres¬ 
sion  in  the  path  is  still  evident  inside  ILS  point  C  which  may,  due  to  measurement 
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error  or  due  to  fluctuations  in  the  path,  cause  the  path  structure  to  appear  out-of¬ 
tolerance.  It  is  suggested  that  consideration  be  given  to  raising  the  path  angle  to  a 
3.10*  value  at  point  A  so  that  the  path  structure  approaching  IL5  point  C  threshold 
will  not  be  marginal  with  respect  to  tolerance  limits.  Of  the  three  records,  two  were 
performed  with  the  theodolite  on  centerline  and  the  other  with  the  theodolite  positioned 
off-centerline.  The  si mi  lari ty  of  these  records  provides  good  evidence  that  the 
theodolite  position  may  be  moved  off-centerline.  Also  evident  in  Rgure  11-205  is  the 
smoothness  of  the  path  outside  of  point  B;  some  of  the  apparent  roughrtess  after  point  B 
was  due  to  tracking  and  aircraft  motion  from  turbulonce. 

Degradation  in  the  lateral  path  structure  has  occurred,  probably  due  to  antenna 
repositioning.  A  typical  perpendicular  cut  to  the  path  (Pattern  C)  is  shown  in  Rgure 
11-206.  Figures  of  Itlerit  previously  defined  for  the  endfire  array  identify  the  maximum 
difference  in  CDI  values  between  specific  azimuth  angles.  Values  observed  at  Tamiami, 
Florida  and  Rock  Springs  in  November  are  given  in  addition  as  a  reference: 


Localizer 

5*-5* 

isa 

i30pA  Sector 

Tamiami 

27  pA 

49  pA 

19.6* 

Rock  Springs  (11/77) 

40  pA 

B9 

57  pA 

23.5* 

Rock  Springs  (5/78) 

54  pA 

m 

90  pA 

8.3* 

Table  11-17  .  Rgures  of  Merit  for  Perpendicular  Git  Data. 


As  mentioned  earlier,  the  data  presented  in  Rgure  11-20&  can  be  used  to 
determine  perforrmince  along  the  localizer  edges.  This  measurement  is  assumed  to  be 
made  on  a  level  flight  run  along  the  localizer  edges.  Localizer-edge  Pattern  B  runs 
at  Rock  Springs  showed  path  angles  within  7.5%  of  the  arrgle  at  centerline. 

Low  approaches  (Pattern  A's)  were  flown  with  an  RTT  providing  azimuth 
guidance  for  ^degree  azimuth  tracks.  The  path  structures  observed  on  the  south 
side  exhibit  a  smooth  but  low  (2.74*)  up  to  2.5  miles.  Then  it  begins  a  .05  degree 
per  thousand  feet  increase  which  continues  for  almost  1  1/2  miles  with  a  reversal  to 
give  a  decreasing  trend  to  the  threshold.  The  maximum  path  angle  is  3.18*  and  the 
minimum  to  ILS  point  C  is  2.83*. 

On  the  north  side  the  actual  path  angle  in  zone  2  is  approximately  2.74* 
with  a  lorverirtg  to  2.65*  into  zone  3.  The  path  charocter  was  generally  very  smooth. 
It  should  be  noted  that  the  flight  inspection  manual  does  not  call  out  any  specifications 
for  these  regions  as  measured.  The  only  values  for  the  off-centerline  measurements 
are  the  maximum  allowable  ±7  1/2  percent  path  angle  changes  to  the  localizer  edges. 
These  tolerances  were  met  with  Pattern  C  otxMrvations,  viz,  2.88*  on  the  southedge 
of  the  localizer;  3.05*  on  the  north  edge  of  the  localizer. 
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To  elaborate  further  concerning  behavior  off-centerline  #  principally  because  of 
the  crucial  nature  of  endfire  operation.  Table  11-18  is  given  below.  This  lists 
calculated  azimuth  angles  (with  respect  to  the  antenna  array)  and  measured  CDI 
readings  corresponding  to  those  angles  for  aircraft  positions  along  centerline  and 
both  sides  of  the  localizer  course  at  4.5  nautical  mi les  from  threshold  and  at 
point  C.  The  results  presented  in  Table  11-18  ,  which  were  derived  from  perpendic- 
lar-cut  flight  records,  compare  closely  with  other  flight  records  at  positions  where 
comparisons  con  be  made.  For  example,  a  50  microampere  fly-down  indication  was 
measured  at  point  C,  on-centerline  on  low  approaches  which  compares  well  with  the 
51  microampere  indication  calculated  from  the  perpendicular-cut  data. 

The  pertinent  information  that  can  be  derived  from  this  table  is  that  the  path 
along  both  localizer  edges  are  well  within  tolerance  when  the  aircraft  is  far  from 
threshold;  the  south  localizer  edge  is  within  18  microamperes  of  the  centerline  path 
angle  at  point  C,  and  a  strong  fly-up  signal  is  seen  along  the  north  localizer  edge 
at  point  C. 


Distance 

G 

Localizer 

Tfotn 

Threshold 

South  Edge 

North  Edge 

4.5  NM 

19mA/90Hz  (0*)* 

6hA/150  Hz  (1 .82*S) 

22mV90  Hz  (1.82*N) 

IIS  Point  C 

51hA/90Hz  (6.2*N) 

33hV150  Hz  (5.3*S) 

170pA/150  Hz  (17*N 

^Numbers  in  parentheses  are  azimuth  values  referencing  the  phase  center  of  the 
array  which  is  206  feet  south  of  the  ranway  centerline. 


Table  11-18.  Gilculated  Performance  Along  Localizer  Edge. 


Rgure  1T207  is  o  flight  recording  of  a  low-angle,  perpendieu  lar  cut  to  the 
path  to  evaluate  clearance  below  path.  Note  that  the  scale  factor  for  this  recording 
is  500  microamperes  full  scale.  The  azimuth  and  elevation  angles  are  also  given. 

The  pertinent  information  derived  from  this  record  is  that  there  is  a  hard  fly-up  signal 
(full-scale  on  CDI)  everywhere  below  path  for  greater  than  ±20*  off  centerline. 

A  360*  oihit  was  flown  around  the  antenna  system  with  approximately  4  miles 
radius  to  measure  signal  strength  os  a  function  of  azimuth;  the  result  of  this  measure¬ 
ment  is  plotted  in  Rgure  11-208.  The  values  were  derived  from  the  AGC  voltage  of 
a  receiver  calibrated  with  respect  to  known  input  signals.  The  information  presented 
in  Rgure  11408  is  consistent  i^th  theory  and  reveals  no  anomalous  behavior. 
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l^gur*  1V20Z  Low  Angie  Tramveree  Cut 
_  to  the  Localizer.  The 

direction  of  Flight  Is  north 
to  south  ot  appfDxImetely  | 
one  mile  from  threshold^  ' 
elevation  angle  with  reepecti 
to  the  glide  slope  Is  given  j 
'  ^  os  o  reference.  The 

soole  factor  Is  i  500 
microomperes  full  scale. 

'I  I  !  '  I 
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Azimufh  Angle  (Degrees) 

Figure  11-208.  Averaged  Signal  Strength  Measured  by  a  360"  Orbit. 


b)  Fault  Tests.  To  demonstrate  monitor  capabilities, 
flight  measurements  were  mode  and  monitor  responses  taken  while  the  system  was 
subjected  to  certain  fault  conditions.  These  fault  conditions  were  pertuil>ations  in 
antenna  phasing,  sideband  power,  clearance  transmitter  power,  clearance  antenna 
phasing,  and  placement  of  foreign  objects  at  critical  locations  along  the  antenna. 

A  summary  of  the  fault  test  results  is  presented  in  Table  11-19.  As  seen  in 
this  table  all  out-of-tolerance  conditions  in  the  far  field  were  detected  by  the  monitor 
except  those  caused  by  foreign  objects  on  the  antenna.  These  foreign  object  faults 
represent  a  worst-case  situation  because  the  faults  were  intentionally  located  at  points 
along  the  antenna  farthest  from,  and  thus  least  seen  by,  the  monitor  pickup  probes; 
faults  at  other  locations  on  the  antenna  did  result  in  a  monitor  alarm.  However,  a 
deficiency  in  monitor  operation  is  clearly  identified  by  the  foreign  object  fault  test 
results. 

The  particuldr  foreign  objects  that  produced  serious  far-field  perturbations 

were: 

1 .  3-foot  wide  copper  screen  wrapped  around  the  reflector  and  slotted 
cable,  and 

2.  2-foot  wide  wet  toweb  wrapped  only  about  the  slotted  cable. 

(5)  G)nclusions  -  May,  1978,  Test  Series.  The  following  con¬ 
clusions  are  based  on  data  taken  with  the  Watts  Mark  3,  endfire,  glide-  slope  system 
at  Rock  Springs,  Wyoming,  in  May,1978.  The  previous  measurements  which  were 
made  with  this  system  in  November,  1977  serve  as  a  reference  from  which  one  may 
identify  effects  due  either  to  environmental  changes  or  deliberate  modification  of 
the  system  by  Watts. 

1 .  The  depression  in  the  path  angle  approaching  the  runway  threshold 
observed  in  November,  1977  appears  modified  to  provide  a  straighter  structure  to 
point  C  with  all  flare  appearing  after  point  C.  The  system  now  meets  Gategory  I 
specifications. 

2.  Azimuth  coverage  appeals  adequate.  Clearance  below  path  and  smooth¬ 
ness  of  the  path  structure  are  excellent. 

3.  Good  vertical  linearity  exists.  Evidence  again  indicates  that  the 
clearance  transmitter  power  should  be  monitored  to±  1  dB. 

4.  The  monitor  was  observed  to  be  deficient,  in  that  faults  induced  in  the 
transmitting  antennas  between  the  monitor  sampling  elements  were  not  detected. 

5.  Environmental  faults  created  with  a  truck  in  the  vicinity  of  the  antenna 
array  were  examined  and  the  conclusion  is  that  all  vehicles  should  he  kept  at  least 
100  feet  from  the  front  of  the  transmitting  antennas.  A  truck  at  the  phoie  center 
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Table  11-19,  Summary  of  Fault  Test  Results. 


posed  no  problem. 

6 .  Signal  strength  measurements  using  an  IFR 401 L  calibration  standard 
indicate  that  at  intercept  altitude  (9100  feet  MSI),  there  is  a  5  dB  margin  over 
FAA  minimum  requirements.  The  field  elevation  is  6747  feet  above  sea  level. 

7.  Measurements  show  that  relocating  the  reference  theodolite  to  the 
runway  edge,  but  still  on  the  3-degree  reference  planar  surface,  provides  an 
acceptable,  practical  location. 

8.  Relocation  of  the  monitor  sampling  elements  from  in  front  of  the  trans¬ 
mitting  antennas  to  the  rear  of  the  reflector  elements  produced  no  change  in  the 
path  in  space. 


(6)  Recommendati ons .  These  recommerrdations  are  offered 
with  the  objective  of  producing  an  optimum  Watts  endfire  glide  slope  facility  at 
Rock  Springs  and  other  locations.  « 

1 .  The  array  configuration  should  be  modified  to  recognize  the  difference  In 
effective  array  height,  the  height  of  the  reference  which  serves  the  runway,  and  the 
runway  threshold  crossing  height. 

2 .  The  antenna  array  should  be  kept  as  close  to  the  runway  os  possible. 

Eighty  five  feet,  I  .e.,  ten  feet  from  the  front  antenna  to  the  edge  of  a  150  foot  wide 
runway,  would  seem  most  desirable.  Should  a  50  inch  high  obstruction  be  objectionable 
at  locations  where  there  is  no  deep  snow  expected,  the  end  of  the  antenna  could  be 
lowered.  If  displacements  from  centerline  greater  than  125  feet  are  necessary,  then 
the  longer  version  of  the  slotted  cables  should  be  used. 

3.  AdditioTKil  monitor  checks  should  be  made,  fint,  to  insure  that  the 
limits  are  adequately  tight  to  produce  alarms  when  far-field  toleranceiare  exceeded, 
and  second,  to  insure  that  on  a  long-term  basis  that  the  far-field  path  characteristics 
have  not  changed . 

4.  The  monitoring  deficiency  noted  for  faults  between  sampling  points  must 
be  corrected  ar>d  a  new  series  of  fault  tests  executed. 

5.  Additional  flight  measurements  should  be  nrade  to  acquire  alibome  data 
for  deteimlnatlan  of  the  degree  of  far-fleld  path  stability.  Meosuiemenh  should  be 
made  to  acquire  data  during  temperature  extreme  corrditlons. 

6.  Gxislderatlan  should  be  given  to  raising  the  path  angle  by  at  least  0.05* 
os  seen  on  Pattern  B  runs.  The  purpose  of  this  Is  to  provide  an  Improved  close-in 
path  characteristic.  The  overall  tendency  is  for  the  path  angle  to  decrease  os  the 
range  increases.  Since  the  Pattern  B  values  ate  obtained  far  out,  they  should  be  biased 
on  the  high  side. 
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1.  General .  In  setting  up  the  ILS  glide  slope  it  is  highly  desirable  to  be 
able  to  achieve  os  nearly  os  possible  complete  odji^tment  through  ground  measurements 
before  making  flight  checks.  This  section  discusses  the  use  of  Thruline  meters  in  ad¬ 
justing  the  relative  po^r  fed  to  the  various  antennas  to  achieve  the  proper  relation¬ 
ships  among  the  various  components  of  antenna  currents.  These  currents  are  related 

to  power  through  the  impedances  seen  looking  from  the  meters  into  the  antenna  cables. 
If  all  the  antenna  systems  are  identical,  as  they  are  intended  to  be,  then  the  currents 
can  be  assumed  to  be  proportional  to  the  square  roots  of  the  powers  at  the  meter 
locations.  If  there  are  unavoidable  differences  in  the  antenna  and  cabling  systems, 
then  correction  factors  may  be  calculated  with  the  aid  of  impedance  measurements 
and  a  transmission  line  chart. 

2.  Theory  -  The  A- Ratio.  Consider  first  a  null  reference  glide  slope. 

The  DDM  is  given  by 


DDM  =  M,5q-M9q  (11.9) 

where  and  M9Q  are  the  depths  of  modulation  (modulation  indices)  for  the  150  Hz 

and  90  Hz  respectively. 

M, 50  =  (Essl 50  cosy  1 50  +  5o)/^c  (1 1 . 1 0) 

'V  =  ( ^ss90  y90  ^cs90^/^c  ^  ^ 

where  E  ^50  and  are  the  field  strengths  of  the  sideband  only  sidebands  (suppressed 
carrier)  and  £^^150  and  £^^90  ore  field  strengths  of  the  sidebands  of  the  modulated  carrier, 
yf  ^  and  ygQ  are  the  angles  between  these  sidebands.  £^  is  the  carrier  field  strength. 

Now 

Ecs150  “  ^cs’O^^^c  01*^2) 

where  m  is  the  coefficient  of  modulation  for  each  modulating  frequency  for  the  amplitude 
modulated  carrier. 


With  proper  balance 

^csl50  “  ^,90  (11.13) 

Ess150  “  E^90  (11.14) 

yi50‘^**1^90  (11.15) 
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(11.16) 


Substituting  (I1,1C|  through  (11.15)  in  (11.9)  gives 

DDM  =  2m(E cos 6 

here  E^^  and  6  are  functions  of  position  and  thus  functions  of  the  elevation  angle  a 
measured  from  the  base  of  the  antenna  tower.  (11.1^  may  be  rewritten  as 

DDM  =  2m(l  f,  (a)/l  f,(a) )  cos  6  (a)  =  2mAF(a)  (11.17) 

SS  I  cs  / 

From  01.17)  it  is  obvious  that  increasing  either  m  or  A  will  increase  the  magnitude  of  the  DDM 
everywhere  without  changing  the  zero  DDM  locus  in  space.  Thus  if  m  is  held  constanVA 
controls  the  path  width  and  is  an  important  set-up  parameter. 

A  similar  analysis  can  be  carried  through  for  the  sideband  reference  system  and  for  the 
capture-effect  system  leading  to  the  same  conclusion. 

3.  Power  Measurement  -  The  Thru  line  Meter.  The  Bird  Model  43  Thruline 
Meter  consists  of  a  section  of  50  ohm  airline  Into  which  is  inserted  an  especial  ly  designed 
dual  pickup  probe.  Pickup  is  both  inductive  and  capacitive.  Currents  produced  by  the 
inductive  coupling  will  hove  components  produced  by  the  forward  traveling  wove  180** 
ouNof-phose  with  those  produced  by  the  backward  traveling  wave.  The  capacitively- 
coupled  currents  will  be  proportional  to  the  sum  of  the  forward  and  reverse  traveling 
waves  Old,  therefore,  independent  of  the  wave  direction.  By  careful  adjustment  the 
reverse  wave  inductive  current  is  just  nulled  by  the  capacitive  current  due  to  the  reverse 
wave,  leaving  only  an  indication  proportional  to  the  forward  wave  current.  This  RF 
current  is  rectified  and  filtered  (envelope  detected)  and  fed  to  an  averaging  type  dc 
meter.  The  indication  is  converted  to  a  power  reading  by  making  the  scale  read  pro¬ 
portional  to  the  square  of  the  deflection. 

The  Thruline  thus  responds  to  the  overage  instantaneous  peak  value  of  the  RF.  In 
other  words,  the  envelope  is  detected  by  the  diode  and  associated  filter  and  this  AF  is 
applied  to  the  meter  movement  which  responds  by  averaging  over  the  audio  cycle.  In 
the  case  of  carrier  and  sidebands  the  detected  audio  consists  of  90  Hz  and  150  Hz  sine 
waves  plus  the  dc  average  which  is  just  the  peak  of  the  RF  carrier.  For  an  AM  signal 
modulated  100%  or  less  with  zero  average  AF  components  the  Thruline  meter  will  read 
carrier  power  only. 

In  the  case  of  the  suppressed  carrier,  however,  there  is  no  carrier  power  and  the 
audio  envelope  is  not  simply  two  sine  waves  of  zero  average. 

With  proper  adjustment  of  the  audio  amplitude  and  phase  the  envelope  after 
detection  will  have  the  form 

|sin2ir150t-sin2ir90t|  (11.18) 


11-322 


To  simplify  the  moth  this  will  be  written  os  a  function  of 


0  =  2iT3Ot  (11.19) 

Its  overage  is  then 

2ir 

(l/2ir)^/ 1  sinSe  -  sin39|d0  (1 1  -20) 

Since  the  magnitude  of  on  odd  function  is  on  even  function  and  since 

|sin5(ir-0)  -  sin3(iT-0)  j  =  |sin50  -  sin30  |  (11.21) 

(1 1.20)  may  be  redu^^  by  symmetry  to 

(2/ir)  /  |sin50  -  sin30  (d0  (1 1 .22) 

When,  and  only  when,  sin50  =  sin30  the  integrand  goes  to  zero  and  may  change  sign. 
Thus  it  is  sufficient  to  integrate  between  adjacent  zeros  and  add  the  magnitudes  of  these 
integrals.  Since 


sin0  =  sin((2n+l)  ir  -  ♦) 
59  =  (2n+l)ir-30 
whence  0  “  n/B  or  3it/1B 
consequently  (11.22)  becomes 


1  1 

1  3w/8 

1  1  »/2  1 

1^/F(0)d0|+ 

F(0)  -  $in50  -  sln30 
(11.2^  has  the  numerical  value 
0.80235 


(11.23) 

(11.24) 
(11/25) 

(11.26) 


which  will  be  called  0.8  for  practical  purposes. 

4,  Using  the  Thru  line  Meter  to  Set-Up  Antermo  Current  Ratios.  Coraider 
now  the  amplitude  modulated  corrier. 

I  ■  I  (1  +  msln2ir1 50t  +  msin2ir90t)eos2irft  (1 1 .27) 

e 

where  f  is  the  carrier  frequency. 
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Expanded  by  trigonornetric  identities  this  yields 

I  (cos2wft  + imsin2¥(f  +  150)t  +imsin2w(f  +  90)t  -  ^msin2¥(f  -  150)t 
o 

-  imsin2»  (f-90)t)  (11.28) 

The  power  will  be 

P  =il^Z  (11.29) 

'  c  o  o 

P.  =  2l^(r»v'2)^Z  =  m^P  (11.30) 

sb  o  o  c 

For  the  suppressed  carrier  we  have 

I  =  I  A(i»v/2)  (sin2*(f  +  150)t  -  sin2*(f  +  90)t  -  sin2*(f  -  150)t 
o 

+  sin2»(f-90)t)  (11.31) 

P  =  0  (11.32) 

c 

P.  =iA^m^l^Z  (11.33) 

sb  o  o 

In  order  to  set  up  the  antenna  currer\t  ratio  so  that  I  =  Al  ,  one  must  know 
the  proper  ratio  of  thru  line  power  indications 

P^^  =  (0 .80235)^  A^m^(l^2)Z^  (11.34) 

P]  =  (l^2)Z^  (11.35) 

p|^P^  =  (0.80235) (11.36) 

Thus,  if  1  watt  of  amplitude  modulated  carrier  is  indicated  by  the  thruline  meter 
in  the  lower  antenna  line  of  a  null  reference  glide  slope  and  the  DDM  is  to  be  0.0675 
(75|jMi)  0.35degrees  above  and  below  the  3*  path  with  m  =  0.4,  the  far  field  equation 

DDM  =  2Am(iin(180*  (sin  c/sin3*)  )/$ln  (180*  (iinq/sin6*) )  (11.37) 

yields  A  »  0.300,  and  P^  read  by  the  thruline  should  be  (0.80235)^  (0.300)^  (0.4)^  = 
0.00922  watts. 
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For  the  sideband  reference  with  a  3**  path  angle 


_  2tnA(sin(180®  (sina/$lnl2®)  )  -  sln(180®  ($ina/sin4®)  )  ) 

DDM - ,in^'8d-*'{irna/slnri*)) - 

Setting  DDM  =  0.0875,  m  =  0.4  and  a  =  2.65®  or  3.35®  yields  A  =  0.302.  As 
indicated  before,  1  watt  of  carrier  power  (indicated)  requires  9.22  milliwatts  of  indicated 
sideband  only  power  into  each  of  the  two  antennas. 

The  capture  effect  system  is  somewhat  more  complex. 


sin(180®^J 
DDM  =  2mA - — — 


Again  substituting  0.0675  (75pa)  for  DDM,  0.4  for  m  and  2.65®  or  3.35®  for  a  ,  gives 
A  =  0.301 .  Thus,  if  the  thruline  for  the  lower  antenna  indicates  1  watt  of  carrier,  the 
middle  thruline  should  read  250  milliwatts.  With  the  carrier  off  and  the  sideband  only 
fed  to  the  APCU,  the  upper  and  lower  antenna  thrulines  should  read  9.22/4  milliwatts 
while  the  middle  antenna  thruline  should  read  9.22  milliwatts.  These  calculations 
neglect  the  clearance  signal  since  the  ratio  of  clearance  carrier  to  course  carrier  will 
be  less  than  0.1  which  will  hove  negligible  effect  on  path  width  or  angle. 


To  set  the  clearance  carrier  level  with  respect  to  the  course  carrier  level,  it  is 
only  necessary  to  compare  the  square  roots  of  the  indicated  powers.  If  it  is  desired  to 
have  the  ratio  of  clearance  sideband  currents  to  carrier  sideband  current  in  the  lower 
antenna  equal  to  some  value,  R,  then  the  thruline  indication  for  1  watt  carrier  power 
on  the  lower  antenna  should  read  where  M  is  the  main  modulation  index  (0.4) 

and  me  is  the  clearance  modulation  index  (0.9). 

The  foregoing  comments  apply  also  to  the  HP  Vector  Voltmeter  and  a  directional 
coupler. 


5.  Experimental  Verification  of  K  Equal  to  0.80.  Equation  (I1.4Q  gives  the 
ratio  of  the  indicated  (indicated  on  on  average  responding  Instrument)  SBO  (sideband 
only)  power  to  the  indicated  Girrier  plus  sidebands  power. 


^  -  KVm^  (11.40) 

Pc 
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Defining  the  indicated  voltages  as: 


=/?'  R 

ss  o 


c 


R 

o 


(11.41) 

R  =  system  impedance  (resistive) 

°  (11.42) 


Solving  for  K  gives: 


V'  Am 


c 


(11.43) 


Figure  IKCP  shows  a  test  set-up  for  measuring  the  indicated  voltages.  If  port  A  of  the 
hybrid  is  dummied,  the  vector  voltmeter  probe  for  channel  B  will  measure  the  carrier  component 
of  the  carrier  plus  sidebands  signal.  If  pure  carrier  is  then  applied  to  port  A  of  the  proper  phase 
and  amplitude  to  cancel  the  carrier  component  from  port  B  at  port  C,  only  the  sidebands  will 
remain  to  be  measured  by  channel  B.  The  procedure  is  as  follows: 


(a)  With  the  608  unmodulated,  adjust  the  phaser  and  the  output  attenuator  until 
the  signal  measured  by  channel  B  is  minimum  (should  be  at  least  -40  dB  from 
the  amplitude  with  port  B  disconnected). 

(b)  Dummy  port  A  and  set  for  40%  modulation  with  one  tone  present.  The  channel 
B  IF  may  be  observed  on  an  oscilloscope  in  making  this  determination. 

(c)  With  carrier  modulated  by  both  tones  measure  channel  B.  This  voltage  is  V^. 

Note:  the  two  tones  must  have  a  phase  relationship  for  this  test  different  from 

that  for  the  normal  amplitude  modulated  carrier  signal.  Normally  at  a  simultaneous 
zero  crossing  both  tone  waveforms  have  first  derivatives  of  the  same  sign.  To 
display  the  SBO  envelope,  the  first  derivatives  must  have  opposite  signals  at 
the  point  where  both  have  a  simultaneous  zero  crossing.  In  other  words,  one 
tone  must  be  180®  out-of-phase  from  its  normal  phase  relationship. 

I 

(d)  Reconnect  port  A  and  measure  the  channel  B  voltage.  This  voltage  is  and  will 
be  lower  than  that  measured  in  (e)  because  the  carrier  component  has  been  canceled. 

(e)  Repeat  (a)  through  (d)  to  check  for  consistency. 

For  better  resolution  on  the  vector  voltmeter  reading,  a  digital  voltmeter  may  be 
connected  to  the  recorder  ou^t. 

The  level  of  sidebands  in  (c)  and  (d)  is  the  same,  so  for  this  set  of  measurements  A  = 

1 .0.  The  modulation  was  set  at  40%,  so  m  *  0.4.  Equation  (11.43)  (fien  beeanies 


ss 


Test  Set-Up  for  Verifying  K 


E.  Monitoring  Tilt  of  a  Null-Reference  Glide  Slope  Most  with  Near  Field  Detectors. 


1.  Generol .  This  section  presents  a  mathematical  analysis  of  the  antenna 
most  of  a  null-reference  ILS  glide  slope.  The  tilt  considered  is  in  the  vertical  planes 
parallel  and  perpendicular  to  the  runway  centerline. 

It  is  concluded  that  the  far-field  angle  is  not  greatly  affected  by  this  tilt  but 
that  path  width  is  significantly  changed  by  tilts  of  as  little  os  one  degree.  Monitoring 
of  this  change  is  accomplished  at  the  180  degree  proximity  point  only  by  detectors 
above  (or  below)  the  course  angle.  Tilt  in  the  plane  parallel  to  the  runway  centerline 
is  most  critical;  tilt  in  the  perpendicular  plane  is  non-critical. 

2.  Analysis,  if  one  assumes  a  perfectly-conducting  infinite  horizontal  ground 
plane,  the  DDM  of  a  null-reference  glide  slope  may  be  developed  as  follows. 


Figure  11-210.  Phasor  Diagram. 


Figure  11-210  is  a  phasor  diagram  of  the  signals  from  the  upper  antenna  and  its 
image.  OR  is  on  arbitrary  reference.  OA  is  the  phasor  representing  the  direct  signal 
arriving  at  the  point  of  o^rvation  delayed  by  the  distance  6  ] .  OB  is  the  phasor 
representing  the  signal  from  the  image  delayed  by  the  distance  6  4.  Since  the  re¬ 
flection  coefficient  is  assumed  to  be  -1,  OB  is  subtracted  from  OA  to  give  the 
resultant  signal.  The  phasor  AC  is  parallel  to  OB  but  oppositely  directed.  The 
sum  of  OA  and  AC,  OC,  is  the  resultant  phasor. 

The  triangle  OAC  is  isosceles  since  OA  ^  AC. 

The  angle  AOB  *  OAC  since  OB  is  parallel  to  AC. 

Let  AE  bisect  OAC. 

Then  OE  =  EC  =  OAsln(OAC/2). 

Let  OD  be  parallel  to  EA. 

Angle  ROD  =  ROA  +  AOB/2 
ROD  »  ROB  -  AOB/2. 

Adding  and  dividing  by  2  gives  ROD  “  (ROA  +  ROB)/2. 

From  the  right  triangle  FEO  the  angle  fOC  =  (ir  -  (ROA  +  ROB)  )/2. 

Now  the  angle  ROA  is  2ir8^  and  ROB  is  2ir8  .  where  these  distances  are  measured  in 
wavelengths. 


Thus  Hie  composite  signal  from  the  upper  antenna  is 


1 


OAsin  IT  (8^  -  6^)  at  an  angle  ir/2  -  ir  (8^  +  8^) 

Similarly,  for  the  lower  antenna 

Ksin  ir  (8^  -  82)  at  an  angle  ir/2  -  3  ^2 ^^3^ 

sin  IT  (8  .  -8.) 

DDM  =  2mA  cos  ir  (8  ^ +8^  -63 -82)  (11.44) 


Where  2mA  is  adjusted  to  give  the  desired  path  width 

8^  is  the  distance  from  the  upper  antenna  to  the  observer 

82  is  the  distance  from  the  lower  antenna  to  the  observer 

8^  is  the  distance  from  the  image  of  the  lower  antenna  to  the  observer 

8^  is  the  distance  from  the  image  of  the  upper  antenna  to  the  observer 

and  all  distances  are  expressed  in  carrier  wavelengths. 

8  ^  =  (  (x-e)^  +  (y  +  H  sin  y)^+  (z  -  H  cos  y  ^ 

(/■•■  h  sin  y)^+  (  z  -  h  cosy 

2  2  2  i 

83 -  (  (x)  +  (y+  h  sin  y)  +  (z  +  h  cosy)  y 

8^  =(  (x-e)^+  (y+  H  siny)^+  (z+  H  cosy)^  )^ 

where  x  is  the  perpendicular  distance  from  the  antenna  pole  base  to  the  runway  center- 
line. 


e  is  the  offset  of  the  upper  antenna 

y  is  the  distance  measured  along  the  centerline  (extended)  from  the  point 
opposite  the  antenna  pole  to  the  observer 

z  is  the  height  of  the  observers  above  the  ground 

H  is  the  height  of  the  upper  antenna 

h  is  the  height  of  the  lower  antenna 

yis  the  angle  of  Hit  of  the  antenna  pole  counterclockwise  in  the  y-z  plane. 
Figure  1VZI1  illustrates  these  coordinates. 
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Algebraic  manipulation  of  equation  (11«44)  and  Insertion  of  the  quantities 

yields 

=  (  (x  -  e)^  +  (y  +  H  siny)^  +  cos^y-0.25)/(4  cos^y-1).  (11.46) 

Setting  x  =  134. 1  X  (400  ft)  at  300  MHz,  the  path  height,  z,  was  calculated  for 
y  =  1676X  (5000  ft),  y  -  10058. 4X  (30,000  ft)  and  at  the  180®  monitor  location. 
Table  11^  shows  these  results  for  tilts  from  0®  to  20®  where  X  is  the  wavelength. 


As  would  be  expected,  the  tilt  has  lowered  the  sideband  antenna  (and  in¬ 
cidentally,  the  carrier  antenna  proportionately)  and  thus  raised  the  path  angle  slightly. 

Consider  next  the  term  cos  ir  ”  ^3”  ^2^  equation  (11.44). 

Algebraic  manipulation  and  application  of  the  approximation  \/1  +  q  1  +  q/2 
for  small  q  and  dropping  some  second  order  terms  gives 


ir  (5^+5^  -6^  10  y  sin  y/  (x^+  y^+  z^) 


(11.47) 


A  check  of  (11.47)  for  the  values  of  interest  indicates  that  the  approximotion  is  very 
satisfactory. 

A  similar  approximation  technique  with  y  as  the  tilt  angle  reveals  that,  the  sine 
ratio  of  (11.44)  may  be  expressed 

sin  IT  (S ,  -  5.)  sin  it  (20  z  cosy/  (x^+  y^+  z^+  100)^) 

sin  ir  (63  -  5^)  jin  it  (10  z  cosy/  (x  +  y  +  z  +  25) ^) 

which  is  almost  independent  of  yin  the  range  0®  to  5®, 

Tilt  in  the  x-z  plane  is  calculated  from  expressions  similar  to  (11.4^  but  with 
the  sin  y  modifying  the  x-e  and  x  terms  rather  than  those  in  y. 

Values  used  in  plotting  the  curves  of  Figures  IWC  through  11^216  were  obtained 
from  a  computer  program  using  the  exact  formulas,  (11.44)  and  (11.4^. 
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TILT 

180* 

MONfTOR 

5,000' 

30,000* 

DISPLACEMENT  OF 

TOP  OF  POLE  IN  INCHES 

0* 

2.8916 

2.8752 

2.8662 

0.00 

!• 

2.8921 

2.8756 

2.8667 

6.24 

2* 

2.8934 

2.8769 

2.8680 

12.5 

3** 

2.8955 

2.8791 

2.8702 

18.7 

4* 

2.8986 

2.8822 

2.8732 

25.0 

5* 

2.9025 

2.8772 

31.2 

10* 

2.9355 

2.9196 

2.9105 

62.4 

15« 

2.9919 

2.9767 

2.9674 

92.5 

20“ 

3.0742 

3.0599 

3.0504 

_ 

122.3 

TabI*  11-21.  Path  Afi9ie  for  Zero  DDM  in 
DegcaM  for  Indicated  Tilt  aiKi 
Displacement  of  Upper  AnterMKi. 


Lower  Path  Edge 
Far-FIeld 


Lower  Path  Edge  180* 


Upper  Path  Edge 
Far-FIeld 


Away  from  Threshold  Toward  Threshold 

DEGICES  TILT  tH  Y-2  PLANE 

Figure  11-212 .  Plots  of  Paih-Wldfh  Chonges  Seen  Irt  the  Far-FIeld  (30,000  < 
Duo  lo  Mast  nit  In  the  Plano  Parallel  to  Runway  Centerline 
Neor^fleld  response  is  shown  by  the  dashed  curves. 


90  Hz 


FIgur*  11-213,  Ploh  of  Path-Width  Chongot  Soon  of  5,000  ft.  Duo 

to  Moit  Tilt  In  tho  Plano  Porallol  to  Runway  Contorllno. 


90  Hz  MA  150  Hz 


90  Hz  MA  150  Hz 


“I” 

30 


t  I  I - 1 - 1 - i - 1 - • - 1 - »- 

25  20  15  10  5  0  5  10  15  20 

Awo/  from  Throshold  Toward  Throshold 

DEGREES  TILT  IN  Y-Z  PLANE 


3  ^ 


FIgura  11415*  Plof  of  Chongot  Soon  at  0.7*  Abovo  Path  at  th#  180*  Prokfmlly 
Point  Duo  Id  Most  Tilt  In  iho  Plano  Porollol  Id  tho  Runwa/. 


11-337 


Away  from  Rwoway 


Toward  Runway 


TILT  ANGLE  IN  DEGREES 

Figuro  1V216.  Plot  of  Noor  Ftold  Raqx>raat  at  ^  0.7*  to  Malt  Tilt  In 
tho  Plano  Porpondloulor  to  Runway. 


F.  Integral  Path  Monitor  Test  Circuit  for  Null- Reference  Glide  Slope. 

I ,  Introduction.  The  current  concept  for  monitoring  o  null-reference  glide 
slope  Is  to  use  o  combination  of  integral  width  and  near-field  (180®  point)  path  monitors 
os  is  diagrammed  in  Figure  11-217.  As  the  path  angle  of  a  properly  adjusted  null- 
reference  system  is  determined  principally  by  the  height  of  the  sideband  antenna,  a 
simple  integral  path  monitor  can  be  mode  by  sampling  the  signal  from  the  carrier  antenna 
to  detect  any  changes  in  the  90  Hz/150  Hz  equality  (see  Figure  11-218).  A  tilt  monitor, 
oncj/or  other  mechanical  types  of  devices,  con  be  used  to  insure  the  physical  integrity 
of  the  tower  and  antenna  system. 

With  the  use  of  an  executive-action,  path  monitor,  a  method  of  testing  the 
course  alarm  limits* is  needed;  viz,  a  simple  method  of  simulating  a  0.2®  (0.050  DDM) 
change  in  path  angle.  On  the  newer  solid  state  transmitters,  this  can  be  done  by 
upsetting  the  modulation  balance,  but  on  some  of  the  older,  tube-type  transmitters, 
the  front  panel  controls  may  not  have  enough  range  to  reach  a  0.2®  change  in  path 
angle.  Also,  it  would  be  more  desirable  to  have  a  precise,  t^  position  (normal/ 
alarm)  control  ^hen  shifting  the  path  angle  rather  than  having  to  make  adjustments 
on  the  transmitter  modulation  balance  to  check  monitor  action. 


Described  below  is  a  simple  circuit  similar  to  that  used  in  a  sideband  reference 
type  glide  slope  system  that  will  provide  a  precise  shift  in  path  angle  without  upsetting 
the  normal  operaHon  of  the  null-reference  glide  slope. 

2.  Grcuit  Description.  The  null-reference  path  monitor  test  unit  was  ponnected 
into  the  carrier  and  sideband  antenna  feed  lines  of  a  null-reference  glide  slope  system 
as  shown  in  Figure  11-219*  The  hybrid  in  the  SO  antenna  line  splits  the  sideband  power 
sending  half  the  power  to  the  sideband  antenna  and  half  the  power  to  the  monitor  test 
unit.  The  hybrid  in  the  CS  antenna  line  splits  the  carrier  power  with  half  the  power 
going  to  the  carrier  antenna  and  half  the  power  going  into  the  RF  load.  Also,  a  pre¬ 
determined  amount  of  sideband  power  from  the  monitor  test  unit  is  sent  to  the  carrier 
antenna  vio  this  hybrid. 

With  RF  switch  ^ I  set  to  the  "normaf  position,  the  signal  power  div'^,~ted  from 
the  sideband  antenna  feed  line  is  diuipated  in  the  RF  load  and  the  system  operates  in 
the  normal  null-reference  configuration. 

With  RF  switch  ^1  set  to  the  "test"  position,  and  RF  switch  ^  set  to  the  "monitor" 
position,  the  sideband  signal  is  combined  in  a  hybrid  with  a  sample  of  the  carrier  signal 
obtained  from  the  monitor  pickup  loop  located  at  the  carrier  antenna.  When  properly 
phased  and  attenuated,  the  resultant  sigruil  presented  to  the  detector  and  monitor 
should  cause  an  alarm  indication  on  the  path  monitor.  This  configuration  will  provide 
a  simple  test  of  the  path  monitor  alarm  without  disturbing  the  glide  path  in  space. 

With  RF  switch  ^1  set  to  the  "test"  position  and  RF  switch  ^2  set  to  the  "flight" 
position,  the  sideband  sigrral  power  diverted  from  the  sideband  antenna  feed  line  Is 
combined,  after  phosing  and  attenuation,  with  the  carrier  signol  power  in  a  hybrid. 


Figure  11-217.  Conventional  Null-Reference  Monitor  System. 


Probe 


Figure  1^2181  Integral  Path  and  Width  Monitor  for  a  Null- Reference  System. 
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The  combined  carrier  and  sideband  signals  are  then  sent  to  the  carrier  antenna.  Depend* 
ing  on  the  phasing  of  the  monitor  test  unit,  this  combined  signal  will  shift  the  glide  path 
in  space  either  op  or  down  by  an  amount  determined  by  the  strength  of  sideband  signal 
injected  into  the  carrier  line.  In  this  mode  the  operation  of  the  glide  slope  system  is 
identical  to  that  of  a  sideband-reference  glide  slope  system  using  a  2  to  1  antenna 
height  ratio  (see  Figure  11-220.) 

3.  Experiment  and  Results .  The  circuit  shown  in  Figure  11-219  was  fabricated 
and  tested  at  the  dhio  Uhiversity  Tomiomi  Test  Site  on  January  27  and  28,  1976.  A 
nominal  3*  path  angle  was  set  up  using  a  Wilcox  Mark  1-C  solid  state  transmitter, 
providing  4  watts  of  carrier  power  as  a  signal  source.  The  glide  slope  was  then  checked 
by  use  of  an  aircraft  and  the  path  angle  and  width  were  measured  os  2.95®  and  0.77® 
respectively.  The  C^io  University  Mini-Lab  with  theodolite  reference  was  used.  The 
integral  path  monitor  was  set  at  0  DDM.  The  monitor  test  unit  was  then  set  to  the  "test" 
mode  and  the  unit  was  phased  using  the  standard  quadrature  phasing  techniques.  Next 
the  amplitude  controls  were  adjusted  for  a  0.050  DDM  alarm  condition  and  the  path 
angle  and  path  width  were  rechecked.  Finally,  the  monitor  test  unit  was  returned  to 
the  "normal"  mode  and  a  final  check  of  the  path  angle  and  path  width  was  made. 

Table  11-22  lists  the  results  os  obtained  from  the  flight^check  aircraft  and  from 
the  integral  path  monitor.  As  can  be  seen,  the  path  cngle  shifted  upwards  exactly 
0.2®  when  the  Integral  path  monitor  indicated  0.050  DDM.  The  higher  path  angle 
also  agrees  with  the  150  Hz  sensing  of  the  path  monitor. 


Path  Angle 

By  Aircraft 

Path  Width 

By  Aircraft 

Path 

Shift 

Monitor 

Indication 

Test  Condition 

2.95® 

0.77® 

~ 

0  DDM 

Normal 

3.12® 

0.82® 

0.17® 

0.042/150  Hz 

"Test"  Mode 

3.15® 

0.82® 

0.20® 

0.050/150  Hz 

Adjust  Attenuators 
for  Monitor  Alarm 

2.95® 

0.76® 

— 

0  DDM 

"Normal"  Mode 

Table  11-22  .  Comparison  of  Flight  Test  Data  and  Monitor  Results. 

4.  Conclusions.  The  circuit  described  above  accomplishes  the  objective  of 
shifting  the  path  angle  of  a  null-reference'glide  slope  by  a  precise,  predetermined 
omounV  and  allows  for  precise  resetting  of  the  system  normal.  The  only  setup  task 
that  is  required  is  a  flight  check  to  phase  the  system  properly  and  verify  the  amount 
of  path  angle  shift. 


Null- Reference 


Null- Reference 
with  Monitor 


Composite 
Null- Reference 
with  Monitor  Signal 


1  2  3  3.2  4  5  6 

VERTICAL  ELEVATION 


1V2201  Vertical  Lobe  Structures  for  Null- Reference  and 
Perturbed  Null-Reference  Glide  Slope. 


Initially  the  "monitor"  position  on  the  second  RF  switch  was  to  allow  combining 
the  sideband  signal  with  the  carrier  monitor  signal  to  test  the  action  of  the  monitor 
detector  circuits  without  shifting  the  path  angle.  However,  this  feature  was  not 
tested  as  the  additional  hybrid  required  was  not  available. 

One  improvement  that  should  be  made  is  to  replace  the  hybrid  in  the  carrier 
line  with  a  directional  coupler.  This  would  eliminate  the  loss  of  usable  distance  that 
results  from  the  3  dB  loss  of  carrier  power  in  this  hybrid. 
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G.  Effech  of  Corrier  Sideband  Leokoge  into  Sideband  Only  Signal  on  ILS 
Glide  Slope  Performance. 

1.  Frequency  Componenh  in  Detected  SBO  +  CSB  Signols.  The  ILS  transmitter 
and  modulator  produce  two  signals,  a  carrier  and  sideband  (^Sk)  signal  and  a  sideband 
only  (SBO)  signal.  The  two  can  be  expressed  as: 

CSB  =  Caicos  («^t)+ m  sin(«,|t)cos(«^t)+ m  sln(«20cos(«^t)]  (11,48) 

SBO  =Afm  sin(u.t)cos(u  t)  -  m  sin(u,t)cos(«  t)I  (11.49) 

/  c  I  c 

where  =  2ir  •  90,  U2  “  •  150,  is  carrier  Frequency,  and  where  we  have 

assumed  that  the  relative  phase  between  the  two  signals  is  a  multiple  of  ir  radians 

(i.e.,  C  might  be  negative).  If  C  =1,  then  A  is  the  usual  A  ratio. 

o  ■  a 

If  we  combine  the  two  signals,  i.e.,  if  CSB'  leaks  into  the  SBO  port,  then  the 
resulting  sum  can  be  expressed  os: 

SBO  +  CSB  =  cos(u  t)(C  +  m(C  +  A)sin(«-t)+  m(C  -  A)sln(u,t)l  (11.50) 
c  a  a  i.  a  I 

If  the  above  combined  signal  were  processed  by  d  linear  detector,  the  resulting 
detected  signal  could  be  expressed  as: 

Detected(SBO+CSB)  »  |  [C^  •hn(C^  +  A)sin(«2f)  +  m(C^  -  A)sin(«  ^ t)l|  (1 1 . 51) 

where  the  vertical  bars  indicate  absolute  value.  The  ratio  of  the  sideband  amplitude 
due  to  the  presence  of  CSB  signal  to  the  sideband  amplitude  of  the  SBO  signal  is  given 
by  Cg/A.  If  a  Fourier  spectrum  analysis  is  performed  on  the  detected  (SBO+CSB)  signal, 
the  relative  magnitudes  of  the  various  frequency  components  as  a  function  of  the  C^/A 
ratio  are  given  in  Table  11-23  for  the  two  signals  in  phase,  and  in  Table  11-24  for 
the  two  signals  180®  out-of-phase,  i.e.,  C^'^  0.  The  90  and  150  Hz  components  are 
also  expressed  as  a  percentage  of  either  the  60  Hz  or  240  Hz  component,  whichever 
Is  larger.  Note  that  for  no  CSB  signal  present,  the  90  and  150  Hz  amplitudes  ore  zero, 
ond  that  these  amplitudes  increase  os  the  amount  of  CSB  signal  present  increases. 

2.  Effect  of  CSB  Leokoge  into  SBO  Signal  on  Null  Reference  and  Capture- 
Effect  Path  Width  and  Symmetry.  Effect  of  CSB  leakage  into  the  $B6  signal  on  the 
path  angle,  width,  and  symme^  produced  by  null  reference  and  capture-effect  glide 
slope  systems  operating  above  flat  terrain  were  calculated  using  the  OUGS  glide 
slope  model.  The  usual  CSB  signal  was  assumed  to  be  nominal,  i.e.,  as  described 
by  equation  (11.48)  with  Cq  ■  1 .  The  combined  SBO  and  CSB  signal  of  equation 
(11.50)  was  used  in  place  of  the  nominal  SBO  signal  with  various  Q/A  ratios.  The 
A  value  was  held  at  0.3,  and  the  antenna  heights  adjusted  to  produce  a  3.0  degree 
path.  As  is  evident  from  Tables  11-25  and  11-26  ,  the  effect  of  this  CSB  leakage  is 
quite  minimal. 


3.  Conclusions.  It  is  evident  From  inspection  of  the  data  contained  in  this 
sectionthat  no  significant  changes  in  path  angle,  width,  or  symmetry  for  null  reference 
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and  capturft«ffect  glide  slopes  take  place  until  the  Cg/A  ratio  is  greater  than  0.01, 
i.e.,  until  the  90  or  150  Hz  components  of  the  detected  SBO  and  CSB  signal  are  greater 
than  5%  of  the  60  Hz  component.  Even  for  a  Cg/A  ratio  of  .316,  i.e.,  the  CSB  signal 
only  10  dB  below  the  SBO  signal,  the  path  width  and  symmetry  are  affected  less  than 
0,02  degrees.  This  level  of  carrier  corresponds  to  a  90  or  150  Hz  component  greater 
than  200%  of  the  60  Hz  component  in  the  detected  SBO  +  CSB  signal. 
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Frequency 


Relative.  Amplitudes  of  Frequency  Gxnponents  in  Detected  SBO  +  CSB  Signal  os  Function 
of  Ratio.  Also  indicated  are  90  and  150  Hz  amplitudes  expressed  as  a  percentage  of 

the  larger  of  the  60  or  240  Hz  components . 


Table  11-24.  Relative  Amplitudes  of  Frequency  Components  in  Detected  SBO  +  CSB  Signal  as  Function 
of  Cg/A  Ratio  where  <  0.  Also  indicated  ore  90  and  150Hz  amplitudes  expressed  os  a 

percentage  of  the  larger  of  the  60  or  240Hz  components. 


.001 


.00316 


.0316 


.1 


Path  Angle 

Path  Width 

3.00 

.701 

3.00 

.701 

3.00  V 

.701 

3.00 

.701 

3.00 

.701 

3.00 

.701 

3.00 

.702 

Path  S/mmatfy 
Ca 


Path  Symmetry  =  ■  r. 

w 

Oy  =  Upper  75pA  Angle 

Op  =  Path  Angle 

a  =  Path  Width' 
w 

Table  11-25.  Null  Reference.  Path  angle,  width,  and 
symmetry  as  calculated  by  simulating  a  1000'  level  run 
for  a  null  reference  system  with  SBO  +  CSB  fed  into  the 
upper  antenna  as  a  function  of  the  Cq/A  ratio. 


Path  Angie 


Table  11-26.  Capture  Effect.  Path  angle,  width,  and  symmetry 
os  calculated  by  simulating  a  1000*  level  run  for 
a  capture  effect  system  with  CSB  leakage  into  the 
SBO  signal  as  a  function  of  the  C  /A  ratio. 


~  H.  M^ile  Glide  Slo^  Focility.  Figure  1M21  shows  a  general  view  of  Ohio 
Uhlverslty's  Mobile  Glide  Slope  Facility  mode  available  for  FAA  use  in  this  program. 
The  unit,  developed  at  no  cost  to  the  F^,  contains  dual  TUS  glide  sl^  transmitters, 
antenna  phasing  units,  monitor  hardware  and  communications  transceiver.  Work  areas 
and  standard  test  equipment  ore  available  for  use  in  field  work. 

The  antenna  tower,  with  capabilit/  to  extend  to  55  feet,  has  fully  adjustable 
mountings  for  three  antennas  and  integral  monitor  ports.  A  clearance  transmitter 
amplitude  and  phase  control  unit  plus  sideband  reference  distribution  components 
are  available.  All  equipment  con  be  transported  in  the  truck  shown  in  the  figure. 

The  AAobile  Glide  Slope  Facility  has  been  mode  available  by  Ohio  University 
to  meet  the  requirements  of  the  contract,  viz,  evaluation  of  glide  slopes  at  problem 
sites.  This  is  in  conjunction  with  the  ILS  mathematical  modeling  capabilities  described 
elsewhere  in  this  report  and  gave  complete  capability  for  site  analysis.  In  addition, 
predictions  were  available  for  minimal  earth-moving  requirements  through  computer 
modeling,  followed  up,  if  necessary,  by  these  field  measurements. 
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Slope  Facility  During  Tests  at  Ohio  University  Airport.  (DC~3  aircraft  is  incidental 
lounted  mobile  facility) 


I.  On~Slt»  Glide  Slope  EvqluoHon  Activltiet. 

1.  WesHnghouse  Broodside  Glide  Slop*  Array  Tesb.  Five  series  of  flights 
were  made  at  the  Lynchburg,  Virginia,  Airport  for  the  purpose  of  obtaining  engtneer- 
irtg  data  to  aid  Westinghouse  engineers  in  finalizing  development  of  their  broadside, 
non-image  glide  slope  array.  Ohio  University  provided  the  flight  crew  and  one  man 
to  handle  theodolite  tracking  responsibilities  on  the  ground. 

Gmsistent  with  the  basic  purpose  of  providing  engineering  support  in  controst 
to  performing  an  independent  evaluation,  all  records  were  provided  to  Westinghouse 
engineers  for  their  analysis  and  use. 

a.  Miwion  1;  August  4^6,  1976,  Approximately  ten  hours  of  flight  with 
the  Beechcraft  Model  dS  aircroft  equipped  to  measure  and  record  CDI,  flag  and  signal 
strength  was  accomplished. 

Observations  of  interest  were: 

1)  In  spite  of  moderately  rough  air,  RTT  runs  showed  good  flyability. 

2)  Very  smooth  level  crossovers  were  obtained. 

3)  Sideband  power  had  to  be  reduced  approximately  75%  from  that  predicted 
to  give  a  nominal  course  width  of  0. 70*. 

4)  Relative  radiation  pattern  peaks  at  5*  elevation  were  found  to  be  CSB/SBO: 
4dB. 

5)  Signal  strength  in  the  far-field  appeared  low.  A  comparison  using  2  watts  out 
of  the  transmitter  showed  the  broadside  array  to  be  33  dB  below  a  commissioned 
null-reference  with  bent  dipoles  fed  from  a  TV-4.  Measurements  were  made  at 
10  nm,  1500  feet.  No  absolute  reference  was  available. 

6)  With  a  course  near  3*  peak  value  of  DDM  (150)  occurs  at  0.9*,  with  a  false, 
inverted  course  at  0.6*. 

Copies  of  flight  data  logs  together  with  some  50  analog  strip  chart  lecordings  were 
given  to  Westinghouse  engineers  with  verbal  comments  concerning  the  seriousness  of  items 
5  and  6. 


b.  Mission  2t  August  12-13,  1976.  A  second  series  of  measurements  was 
made  on  the  Westinghouse  broadside  array  following  replacement  of  a  feed  unit  which 
hod  been  damaged  in  shipment.  A  total  of  52  runs  was  made. 

Difficulties  in  airborne  phoiing  were  encountered.  Three  rather  distinct  readings 
of  first  90  Hz,  then  150  Hz,  followed  by  90  Hz  again  over  a  four  mile  path  were  found 
with  the  system  in  quodroture.  The  phasing  runs  were  attempted  at  below-path  angle 
to  stay  out  of  the  SBO  null  which  cMned  the  on-course. 
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Another  problem  area  was  the  lock  of  full  scale  fly  down  indications  above  path. 
At  the  request  of  the  Westinghouse  engineers  three  series  of  level  runs  were  mode  with 
variations  in  CSB/SBO  phasing  with  a  family  defined  by  SBO  power  level.  After 
selecting  the  best  settings  evidenced  from  the  recordings,  three  low  approaches  were 
recorded  for  structure  made  in  line  with  the  edge  of  the  runway  closest  to  the  antenna 
and  three  low  approaches  over  centerline.  These  different  tracks  were  used  to  check 
the  effects  of  array  focusing. 

Usable  distance  checks  were  mode  after  a  10  dB  pad  was  removed  from  the  CSB 
circuit  in  the  transmitting  antenna.  Calibration  against  a  glide  slope  standard  (military 
version  of  the  Boon  ton  232  signal  generator)  showed  that  a  6  dB  margin  existed  over 
the  FAA  minimum  specifications  for  1500  feet  elevation,  10  miles  range. 

c.  Mission  3:  August  19-20,  1976.  The  third  series  of  flight  tests  v»as 
made  on  the  Westinghouse  broadside  glide  slope  array  using  the  Ohio  University  DC-3 
containing  specially-installed  Mini-Lob  equipment  from  the  Beechcraft. 

The  DC-3  was  used  for  this  series  of  measurements  for  several  reasons.  Among 
these  are  that  it  permitted  an  extra  person  to  be  available  to  analyze  records  chjring 
the  flight,  it  allowed  signal  generators  to  be  carried  on  board  the  flight  to  make  signal 
strength  and  DOMcalibaHons,  it  permitted  a  larger  target  and  lights  to  permit  optical 
tracking  during  conditions  of  haze  and  reduced  visibility,  and  it  permitted  two  sets 
of  dual  equipment  for  cross-checking  the  data  from  the  measurements. 

Substantial  improvement  was  found  immediately  when  phasing  the  CSB  and  SBO 
energies.  Responses  were  as  would  be  expected  from  theory  and  the  system  was  quickly 
set  for  optimum  conditions.  Cleoronces  above  and  below-path  were  adequate  but  not 
strong  and  this  raises  some  questions  because  theory  would  predict  DDM  values  almost 
twice  those  which  were  measured. 

Because  of  these  relatively  low  clearance  values  the  clearance  runs  mode  at  1 
degree  elevation  (theodolite  controlled)  yielded  oscillatory  traces  which  averaged 
at  or  slightly  below  tolerance  values. 

Approximately  10  normal  approaches  were  run  which  showed  good  flyobillty  on 
centerline,  75  feet  to  the  right  of  centerline  (approximate  line  of  focus  for  the  array) 
and  8  degrees  either  side  of  centerline.  apparent  slope  of  the  glide  slope  on-oourae 
plane  exists  with  0.2  degrees  change  observed  from  centerline  to  8  degrees  right.  A 
significant  change  of  vertical  thickness  also  is  evident,  but  Westinghouse  reported  this 
was  very  likely  due  to  an  abnormal  site  condition. 

• 

It  appeared  that  the  below-path  clearance  area  is  in  need  of  improvement.  DDM 
values  were  minimal  in  some  of  the  below-path  regions,  and  there  was  a  small  area  or 
lobe  between  the  middle  marker  and  threshold  where  zero  DDM  was  observed  when 
flying  below  1  degree  elevation.  Lateral  tilt  of  the  on-course  plane  was  observed 
to  be  near  maximum  allowable,  and  change  in  vertical  path  widths  with  azimuth  was 
observed.  Flyobility  and  vertical  structure  above  1  degree  were  good.  No  monitoring 
hod  been  installed  and  hence  no  checks  were  made.  Approximately  50  flight  records 
were  mode. 
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d.  Mission  4:  September  29,  1976.  These  mecBurements  were  accomplished 
subsequent  to  those  made  by  NAPEC  in  which  problems  were  uncovered  due  to  water 
entering  connectors.  The  connectors  were  replaced  and  these  measurements  reflect  the 
results  of  that  change.  A  Beechcraft  model  35  aircraft  was  used  for  the  tests. 

Iniriall/  difficulty  was  experienced  in  sharpening  the  path  width  to  a  nominal 
0.7®  value  and  this  was  found  to  be  doe  to  the  improved  periPormance  of  the  CSB  system. 
It  became  evident  that  the  10  dB  pad  present  in  the  original  installation  is  necessary 
(the  pad  was  removed  during  the  second  series  to  improve  usable  distance).  Insertion 
of  the  pod  allowed  a  proper  ratio  of  CSB  and  SBO  energies  and  a  0.7*  width  was 
obtained.  Path  angle  was  high  indicating  3.30®. 

Smooth  transitions  were  obtained  showing  virtually  no  effects  due  to  multipath. 

As  would  be  expected,  flyability  was  excellent  with  *  20  microamperes  roughness  to 
inside  point  C. 

Clearance  was  deficient  with  a  false  (zero  DDM)  area  at  1.4®  elevation. 
Westinghouse  engineers  believed  that  decreasing  the  poth  angle  by  moving  the  antenna 
would  Improve  this  clearance  area.  Due  to  the  lowering  of  ceilings  to  400  feet  and 
forecasts  for  no  significant  improvement,  this  measurement  series  was  terminated. 

e.  Mission  5:  October  12,  1976.  The  fifth  series  of  tests  on  the  Broadside 
array  was  motivated  by  need  to  ascertain  precisely  the  effects  of  changing  the  tilt  of 
the  antenna  to  lower  the  path  angles  Considerable  rain  hod  fallen  during  the  time 
period  between  the* fourth  and  fifth  series.  A  DC-3  was  used  for  this  flight- check  due 
to  mechanical  problems  with  the  Beechcraft. 

During  initial  check  of  the  CSB/SBO  phasing  it  was  found  that  optimum  phasing 
fell  20  degrees  retarded  from  that  previously  set.  Phasing  runs  showed  much  more  rough¬ 
ness  in  the  CDI  than  previously  observed.  Level  transition  runs  on  the  path  revealed 
that  the  on-course  was  nearly  2,8  degrees  which  was  almost  0,5  degrees  less  than 
previously  observed  but  the  antenna  tilt  change  was  only  0. 125  degrees. 

A  major  defect  appeared  in  the  transition  record^that  being  a  very  soft  region 
in  the  150  Hz  near  75  microamperes.  The  records  would  hover  at  that  value‘for  nearly 
0.8  degrees  of  elevation  change  and  made  path  width  determination  meaningless. 
Restoring  the  phase  to  the  value  used  for  the  fourth  series  produced  no  significant 
improvement.  Increasing  the  SBO  power  produced  an  apparently  narrower  path  os 
would  be  calculated  but  did  not  cure  the  problem  of  a  very  soft  region  between  150 
and  75  microonperes  in  the  150  Hz  region. 

The  ontenrKi  tilt  was  then  returned  to  its  value  used  in  the  fourth  series  and  a 
path  angle  of  2.98  degrees  was  measured.  Thus  the  fourth  series  parameter  values  were 
duplicated  but  a  very  different  vertical  path  structure  was  observed.  This  held  true 
in  particular  for  the  below  path  clearance  where  now  an  inverted  false  course  was 
observed  with  hard  fly  down  below  it.  These  occurred  at  and  below  one  degree  eleva¬ 
tion.  Flag  was  obserUd  at  points  below  the  path  angle  and  this  is  undoubtedly  due 
to  nulls  existing  in  the  CSB  pattern. 
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The  meouremenh  were  terminated  pending  an  investigation  and  correction 
of  obvious  faults  which  hod  developed  in  the  array.  Water  in  the  transmission  system 
is  again  suspected  because  of  the  heavy  rain  period  just  prior  to  this  series  of  tests. 


2.  Documentary  Flight  Data  for  a  Gipture-Effect  Glide  Slope  System  Operoting 
at  g  Typicol  U^lope  Site. 

a.  Introduction.  This  section  presents  the  results  of  an  extensive  series 
of  systematic  measurements  on  a  capture-effect  glide  slope  system  operated  with  specific 
faults  in  the  transmission  lines,  distribution  elements,  and  transmitter  components  of  the 
system.  The  Lawton,  Oklahoma  site  was  used  for  the  tests  made  in  November  1976, 
since  it  represented  a  rather  typical  capture-effect  site  with  a  slight  dropoff  and 
prominent  upslope  in  the  approach  region  inside  two  miles. 

The  capture  effect  system  is  the  most  complex  of  the  contemporary,  commissioned 
systems  and  it  is  important  to  recognize  the  far-field  DDM  signal  response  to  system 
parameters  which  are  set  at  non-optimum  values.  Documentation  of  this  type  is  also 
important  in  establishing  tolerance  limits  on  parameter  values,  in  determining  the 
appropriateness  of  monitor  responses,  and  in  aiding  the  technician  when  setting  up 
and  maintaining  the  system. 

This  section  is,  in  effect,  a  sequel  to  Chapter  Xl-B,  which  presented  much  of 
the  same  type  of  data  but  for  a  capture  effect  system  operating  at  the  ideal  (Tamiami) 
site.  The  irregular  terrain  at  the  Lawton  site  makes  these  data  different. 

The  glide  slope  data  were  collected  in  three  groups  of  measurements.  The  first 
group  measured  the  system  as  it  existed.  These  measurements  are  referred  to  as  the 
c.vnmissioned  values.  The  second  group  of  measurements  was  made  with  the  phase  and 
amplitude  of  the  antenna  currents  set  to  the  theoretically  correct  values.  The  third 
group  of  measurements  was  made  with  the  middle  antenna  delayed  iO  degrees.  This 
experimental  phasing  produced  optimum  conditions  as  measured  by  the  aircraft. 

in-flight  measurements  were  made  using  Ohio  Lhiversity's  Mark  II  Mini  lab  which 
was  fitted  into  a  Beechcraft  Model  V35A  Bonanza.  These  are  presented  in  Table  11-32 
end  in  Figures  11-241  to  11-337.  Calibration  of  the  Mark  II  Mini  lab  was  performed 
on  site  using  a  bench  standard  transported  from  Ohio  University. 

A  Warren-Knight  Model  83  theodolite  was  used  for  reference  for  all  recorded 
data.  The  radio  telemetering  theodolite  method  was  used  to  measure  the  path  structure. 
The  theodolite  position  was  surveyed  and  in  order  to  comply  with  Paragraph  217.32 
of  the  Flight  Inspection  Manual,  a  base  was  constructed  to  provide  the  theodolite 
operator  with  a  convenient  height.  This  base  was  left  at  Lawton  for  future  use. 

During  the  investigation  the  faults  introduced  into  the  system  were:  antenna 
current  phoM  delays  and  advances,  feedline  attenuation,  APCU  maladjustments, 

CSB  to  SBO  phasing,  and  change  of  course  to  clearance  power  ratio.  Principal 
instrumentation  for  reference  purposes  was  a  vector  voltmeter. 


b.  Glide  Slope  System  Parameters.  The  glide  slope  at  Lawton  is  located 
400  feet  from  the  runwcy  centerline  and  1100  feet  bock  from  the  threshold.  The  antenno 
heights  were  measured  to  be  12.79,  25.33  and  37.25  feet  above  the  base  of  the  tower. 

The  ratio  of  the  middle  and  upper  antenna  height  to  the  lower  ere  respectively  1.91:1 
and  2.91:1.  The  assigned  frequency  for  the  glide  slope  was  331.4  MHz. 

The  system  is  excited  with  a  TU4  Transmitter  and  an  FAA  type  8954  Clearance 
Transmitter.  The  current  distribution  to  the  antenna  system  is  provided  by  an  FAA  8989 
type  APCU.  Three  element  colinear  arrays  (APC  antennas)  are  used  as  antennas.  Clearance 
power  to  the  upper  antenna  was  measured  at  90  mw  with  the  carrier  power  to  the  middle 
at  500  mw. 

The  on-path  detector  is  located  211.66  feet  from  the  base  of  the  tower  and  402.73 
feet  from  the  runway  centerline.  Near-field  data  was  collected  with  a  PI  R  and  portable 
mast  at  a  pofnt  212.833  feet  in  front  of  the  tower  and  410.76  feet  east  of  the  runway 
centerline.  The  theodolite  was  placed  28  inches  east  and  2  inches  south  from  a  point 
directly  below  the  middle  antenna.  The  center  of  the  theodolite  eyepiece  to  the  ground 
was  67.87  inches,  the  elevation  of  the  runway  opposite  the  mast. 

c.  Antenna  Current  Measurements.  The  relative  phase  and  amplitude  of 
the  antenna  currents  were  measured  using  a  hwdheld  probe  ond  o  Hewlett-Packard 
8405A  Vector  Voltmeter.  The  procedure  used  is  described  below. 

With  the  sideband  only  (SBO)  to  the  APCU  dummied,  the  carrier  sideband  (CSB) 
energy  was  fed  to  the  SBO  input  to  the  APCU.  The  clearance  transmitter  was  de¬ 
energized  and  the  CSB  input  to  the  APCU  dummied.  This  radiated  CSB  to  all  the 
elements  to  provide  means  to  measure  the  antenna  current  phase. 

To  minimize  the  effect  of  temperature  on  the  readings,  two  identical  RG-214 
cables  were  run  out  to  the  tower.  The  cable  used  to  provide  the  vector  voltmeter 
reference  was  connected  to  the  monitor  output  on  the  middle  antenna.  The  second  cable 
used  to  sample  the  RF  field  produced  by  the  antenna  was  connected  to  the  handheld 
probe.  Both  cables  were  exposed  to  nearly  the  same  environmental  conditions  to  main¬ 
tain  a  constant  phase  differential.  The  probe  was  placed  in  close  proximity  to  the 
center  element  of  the  middle  antenna,  and  the  vector  voltmeter  adjusted  for  a  zero 
reference.  The  probe  was  then  moved  to  the  upper  antenna  and  the  relative  phase 
measured.  To  insure  the  stability  of  the  setup,  the  probe  was  again  placed  on  the 
middle  antenna  and  the  zero  reference  checked.  The  probe  was  then  moved  to  the 
lower  antenna  and  the  measurements  repeated. 

The  relative  phase  and  amplitude  of  each  of  the  antenna  currents  ore  shown  in 
Table  11-27.  All  measurements  are  referenced  to  the  middle  antenna.  CSB  energy 
placed  into  the  SBO  input  of  the  APCU  provides  the  excitation  for  the  measurements. 

The  readings  tabulated  were  mode  before  the  introduction  of  the  faults. 

d.  Faults.  A  calibration  test  was  mode  of  the  antenna  phonrs.  This 
test  was  conducted  using  the  previously  described  method  with  one  exception.  Zero 
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November  17, 

1976 

SBO* 

CSB* 

COMMISSIONED  SETTINGS 

Lower 

-12.6  dB,  <11=186® 

-7.0  dB,  <l>=4® 

Middle 

-7.4  dB,  <|)=0® 

-12.4  dB,  <11=180® 

Upper 

-11.2  dB,  <t)=168® 

— 

THEORETICAL  SETTINGS 

Lower 

-12.6  dB,  <11=180® 

-7.4  dB,  <1M® 

Middle 

-7.4  dB,  <i>=0® 

-12.4  dB,  <11=180® 

Upper 

-11.2  dB,  <11=180® 

— 

RETURN  TO  COMMISSIONED 

Lower 

-12.6  dB,  <11=186® 

-7.0  dB,  <>=4® 

Middle 

-7.4  dB,  <l>-0® 

-12.4  dB,  <1>=180® 

Upper 

-11.2  dB,  <11=168® 

•  •  " 

November  18, 

1976 

SBO* 

CSB* 

THEORETICAL  SETTINGS 

Lower 

-12.6  dB,  <11=180® 

-7.0  dB,  <1>=0 

Middle 

-6.5  dB,  <t)=0® 

-12.4  dB,  <1>=180® 

Upper 

-12.8  dB,  <11=180® 

— 

EXPERIMENTAL  SETTINGS 

Lower 

-12.5  dB,  <11=197® 

-7.0  dB,  <1>=10® 

Middle 

-7.2  dB,  <1>^* 

-12.4  dB,  <1>=197® 

Upper 

-11.0  dB,  <11=179® 

— 

RETURN  TO  COMMISSIONED 

Lower 

-12.5  dB,  <11=187® 

-7.0  dB,  <P=0® 

Middle 

-7.2  dB,  <1>=0® 

-12.4  dB,  <11=169® 

Upper 

-ll.OdB,  <1i=-169® 

*  All  amplitudm  with  respect  to  arbitrcey  vector  voltmeter 
reference. 

Commissioned  -  Antenna  current  values  os  found. 

Theoretical  -  Antenna  currents  set  to  near  theoretically  correct  values 
os  specified  in  texts. 

Experimental  -  Experimentally  determined  value  which  produced  optimum 
poth  conditions. 

Table  11-27.  Antenna  Currents. 


November  19,  1976 

SBO* 

CSB* 

■  — 

■ 

THEORETICAL  SETTINGS 

Lower  -12,6  dB,  <13^180® 

-7.0dB,  <I>=1® 

Middle  -6.5  dB,  <I>=1  “ 

-12.4  dB,  <J>=180® 

Upper  -12.8  dB,  <13^180® 

— 

RETURN  TO  COMMISSIONED  SETTING 

Lower  -12,5  dB,  4>®187® 

-7.0  dB,  <b=0® 

Middle  -7.2  dB,  <J>=0® 

-12.4  dB,  <l>=-187® 

Upper  -11.0  dB,  <13^169® 

... 

phos«  on  th«  veCiOr  voltmeter  woe  set  with  the  probe  monitoring  the  upper  antenna 
current  and  the  antenna  phosor  set  to  zero.  The  results  of  this  calibration  are  shown 
in  Table  1V*28.  With  the  use  of  the  calibration  dato,  antenna  phasing  faults  were 
introduced  by  adjusting  the  APCU  antenna  phosers. 


Vector  Voltmeter  Reading 

Dial  Setting 

Upper  Antenna 

Middle  Antenna 

Lower  Anteimo 

-80 

44i 

-127 

54 

-60 

35i 

-138 

44 

-40 

23  i 

-151 

32 

-20 

12 

-165 

20 

0 

0 

-178 

6i 

20 

-11 

168 

-6i 

40 

-22  i 

155 

-18 

60 

-32  i 

145 

-28 

80 

-40  i 

137 

-36 

Table  11-28.  APCU  Calibration. 


Antenna  amplitude  faults  were  introduced  into  the  system  by  placing  a  con¬ 
tinuously  variable  attenuator  into  the  antenna  feeds.  As  before,  a  calibration  of 
the  attenuator  was  made  using  the  vector  voltmeter. 

e.  Terrain  Feotures.  Included  in  this  report  is  an  account  of  the  terrain 
features  present  at  Lawton.  Figures  11-222  and  11-223  portray  the  land  features  in  the 
vicinity  of  the  glide  slope  station.  On  this  profile  map,  taken  from  the  grading  plan, 

is  the  locqtion  of  the  glide  slope  tower,  the  on-path  detector  and  the  neor-fleld  monitor¬ 
ing  location.  Figure  1V224  is  the  profile  of  the  terrain  along  a  straight  line  from  the 
tower  base  to  the  middle  marker.  Figure  11-225  provides  additional  detail  for  the 
terrain  profile  in  the  approach  zone  for  Runway  35. 

f.  Ground  Measurements  at  the  360°  Monitor  Point.  Ground  data 
were  taken  for  va^ous  fault  conditions  at  a  360^  monitor  point;  this  data  is  presented 
in  Tables  11-29  and  11-30  and  in  Figures  11-226  to  11-241. 

The  location  of  the  existing  on-path  detector  ond  the  near-field  probe  used 
for  these  ground  t»sts  is  shown  in  Figure  11-222.  The  on-path  detector  is  positioned 
at  the  360*  monitor  point  directly  in  front  of  the  antenna  mast  along  a  line  parallel 
with  the  runway  centerline.  The  near-field  probe  was  located  8. 1  feet  from  the  on- 
path  detector  along  an  arc  which  describes  a  locus  of  360*  phase  proximity  points 
(see  "Installation  Instructions  for  the  ILS  Glide  Slope”,  FAA  Manual  6750. 6A, 
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Table  1 1-29.  Ground  Monitor  Data  Site  ai  Commissioned, 
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Table  11-30.  Ground  Monitor  Data  Site  as  Commissioned 


Ii%  Slop«  ^ 

Ftgura  1V22Z  Lawton,  Oklahoma,  Municipal  Airport,  Runway  35.  Terrain 
contours  in  the  vicinity  of  the  glide  slope  station. 
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Figifr*  11-223,  Lawton,  Oklahoma,  Municipal  Airport,  Runway  35. 

contours  in  the  vicinity  of  the  glide  slope  tower. 


Terrain 
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page  90).  It  should  be  noted  that  identical  data  con  be  collected  from  any  360** 
phw  proximity  point  when  taken  with  respect  to  elevation  angle.  Interaction 
between  the  on-path  detector  and  the  near-field  probe  has  been  assumed  to  be 
negligible  for  these  tests. 

As  seen  in  the  ground  data,  the  sensitivity  to  perturbations  in  the  middle 
antenna  b  small.  This  phenomenon  Is  due  to  the  fact  that  the  360*  monitor  point 
is,  by  definition,  located  at  the  null  of  the  middle  antenna. 

g.  Graphical  Dato  Presentation.  The  plots  presented  in  the  data  section 
of  this  report  were  generated  on  a  Hewlett-Packard  7203A  graphic  plotter  which  was 
controlled  by  the  Ohio  University  IBM  Model  370  computer  ^tem.  The  data  was 
input  to  the  computer  from  flight  recordings  via  a  device  designed  and  built  at  Ohio 
University*  that  converb  graphical  data  to  digital  data  that  is  compatible  with 
the  Ohio  University  computer  system. 

Oilibration  information  from  the  minilab  was  input  to  the  computer  so  that  the 
graphs  presented  in  this  report  are  free  from  errors  due  to  non-linearities  in  the  measure¬ 
ment  equipment. 

h.  Resulb.  The  results  of  this  study  are  presented  in  the  following  graphs. 
Course  deviation  indicator  (GDI)  current  is  plotted  against  elevation  angle;  tailor 
dota  at  one-tenth  degree  incremenb  is  listed  as  a  reference. 

Glide  slope  receivers  typically  encounter  measurement  errors  for  CDI  values 
greater  than  -  iOO  microcniperes.  Calibration  information  for  the  receivers  used 
in  these  tests  has  been  obtained  using  a  Boonton  232-A  glide  slope  signal  generator; 
this  calibration  data  has  been  used  to  correct  the  output  of  these  receivers  so  that  the 
data  presented  In  this  report  is  relatively  free  of  measurement  errors. 

As  this  report  is  intended  to  be  documentary  In  nature,  no  statemenb  will  be 
mode  as  to  the  significcsice  of  the  data.  Conclusions  about  glide  slope  performance 
with  respect  to  system  parameters  is  left  to  the  reader. 

i.  Recommendotions.  The  following  recommendations  are  boMd  on  the 
experience  at  Lawton. 

1)  More  below-path  data  should  be  collected.  Preferably  this  should  be  below 
1.5  degrees  with  faulb  added  to  the  middle  and  lower  ontenna. 

2)  Ground-based  data  obtained  to  date  is  inadequate  to  formulate  a  set-up 
procedure.  The  data  needed  should  be  collected  using  a  probe  capable  of  sampling 
the  far-field  condition  on-path  at  a  location  near  the  runway  threshold.  A  useful 
probe  would  be  the  Clark  Towor,  which  is  extendible. 


*  See  Section  IV.B 
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ELEVATION  ANGLE  (degrees) 

Figure  11-224.  Ground  Data  (Coftimisslonod)  -  Clooronco  On. 
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90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degrees) 

Figure  11-227.  Ground  Data  (Cemmlsiioned)  -  Cleoronce  Off . 
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ELEVATION  ANGLE  (degrees) 

Figur*  1V>228.  Ground  Data  (Comml»fono(|>10*  Delay  in  Middle  Antenna,  Clearance  On . 
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'90  Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  0  +100  +200  +300 


ELEVATION  ANGLE  (degrees) 

Figure  11-229.  Ground  Data  (Commlsilone^-  10"  Delay  In  Middle  Antenncy  Clearance  Off. 
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CM 

+ 


A2+10  CLEARANCE  OFF 


ANGLE 

1.62 

1.89 

2.15 

2.42 

2.69 

2.96 

3.22 

3.49 

3.76 

4.03 

4.30 

4.57 

4.84 

5.10 


CDI 

-291. 

-240. 

-189. 

-137. 

-69. 

-25. 

17. 

27. 

10. 

-51. 

-120. 

-171. 

-274. 

-343. 


2.0  3.0 

ELEVATION  ANGLE  (degrees) 

Figure  11-230.  Ground  Data  (Commissioned)  -10”  Advance 
in  Middle  Antenna,  Clearance  Of( 
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'90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degrem) 

Figure  11-231.  Ground  Data  (Commissioned)  -  10*  Advance 
in  Middle  Antenna,  Clearance  On. 
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'90  Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


2.65 


3.35 


2.0  3.0  4.0 


ELEVATION  ANGLE  (degrMs) 

Figur*  11-232.  Ground  Data  (Cmmlailoned)  -2dB  Attonuation 
In  Middle  Antenna,  Clearance  On. 
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(M  W 


•3; 


Antvnno  -  10*  Rttord  in  MiddU  Antnnna,  Cleoronc*  On. 
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Elevation  Normal  A2-10  A2-20  A2-30  A2+10 
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Table  1V31.  Ground  Monitor  Data  Theoretical  Phasing. 


ELEVATION  ANGLE  (d«grMi) 

Ftgurs  11-235.  Ground  Doto  (Thooretieol  Phoiing)  -  Clooronco  Off. 
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90  Hz.  CDI  (hA)  150  Hz. 

-200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (de^aat) 

Figure  11-236.  Ground  Data  (Theoretical Phasing)  -  Clearance  On. 

11-381 


MMNMMaMMMMeMaMMHUMak 


Middle  Antenna-,  Clearance  Off. 
11-382 


ELEVATION  ANGLE  (degrees) 

FljMr*  11-238.  Ground  Data  (Theoretical  Phasing)  -20*  Delay  Middle 
Antenna,  Clearance  Off. 


ELEVATION  ANGLE  (d«gr«fli) 

Figura  11-239.  Ground  Data  (Thooretical  Phasing)  -  30* 
Delay  in  MlddU  Antenna,  Clearance  Off* 

11-384 


ELEVATION  ANGLE  (degrees) 

Figure  11-240.  Ground  Data  (Theoretical  Phasing)  -  10*  Advance 
in  Middle  Antenna. 
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LAWTON  CEGS  FAULTS  STUDY 
List  of  Faults 


Dote;  November  U,  1976 


COMMISSIONED 

17-2BR  Normal* 

17-3BR  Normal 

17-4BR  w/o  Cl 

17-5BR  A2+15‘*  w/oCI** 


17-6BR 

A2+15* 

17-7BR 

A2-15* 

I7-8BR 

A3+45* 

17-9BR 

A3-45* 

THEORETICAL 

17-1 IBR 

Normal 

17-12BR 

w/o  Cl 

17-1 5BR 

A2+15‘' 

17-16BR 

A2-15* 

17-17BR 

Normal 

17-18BR 

Al-10* 

17-19BR 

Al-20‘‘ 

17-20BR 

Al-30'’ 

17-21 BR 

Al+20* 

COMMISSIONED 

17-22BR 

A2-10® 

17-23BR 

A2-20“ 

17-24BR 

A2-30" 

17-25BR 

A2+20* 

17-26BR 

A2-40® 

17-27BR 

A2-50* 

17-28BR 

A2-60® 

17-30BR 

A3-30'’ 

17-31 BR 

A3-40* 

17-32BR 

A3-50* 

17-33BR 

A3-60* 

17-34BR 

A3-70® 

17-35BR 

A3-80* 

17-36BR 

A3-90* 

17-37BR 

A3-t«0* 

Table  11-32.  Airborne  Data. 


Note: 

*AII  run  with  clearance 
transmitter  on  unless  noted. 

**A3  =  Upper  Antenna 
A2  =  fiddle  Antenna 
A1  =  Lower  Antenna 

+  Advanced  Phase 
-  Retarded  Phase 
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Date;  November  18^  1976 
THEORETICAL 


18-]BR 
18-2BR 
18-3BR 
18-4BR 
18-5BR 
18-6BR 
18-7BR 
18-8BR 
. 18-9BR 
18-10BR 


Normal* 

A2+10** 

A2+20 

A2+20 

A2-10 

A2-20 

Normal 

A2-30 

A2-20 

A2-40 


Note; 

*AII  run  with  clearance 
transmitter  on  unless 
noted. 

**A3  =  Upper  Antenna 
A2  =  Middle  Antenna 
A1  =  Lower  Antenna 

^Advanced  Phase 
•Retarded  Phase 


EXPERIMENTAL 

18-llBR 

Normal 

18-12BR 

Normal  after  Mod  equality  set (2/90)  3.07 

18-13BR 

Normal 

18-14BR 

A2-10 

18-15BR 

A2-20 

18-16BR 

A2-30 

18-17BR 

A2+10 

18-18BR 

A3+40 

18-19BR 

A3-40 

18-20BR 

Al-ldB 

18-21 BR 

Al-3dB 

18-22BR 

Al-7dB 

18-23BR 

A1  shorted 

18-24BR 

Al  open 

18-25BR 

A2-ldB 

18-26BR 

A2-2dB 

18-27BR 

A2-4dB 

18-28BR 

A2  shorted 

18-29BR 

A2  open 

18-30BR 

A3-3dB 

18-31 BR 

A3-6dB 

18-32BR 

A3-10dB 

18-33BR 

A3  shorted 

18-34BR 

A3  opened 

18-36BR 

Normal 

18-37BR 

20  SBO  dephase 

18-38BR 

30  SBO  dephase 

18-39BR 

50  SBO  dephase 

18-40BR 

Cl-3dB  9  watts  Normal 

18-41 BR 

CI-6dB 

18-42BR 

CH-3dB 

Table  11-32.  (.Continued) 
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Date:  November  18^  1976 


EXPERIMENTAL  (Continued) 


18-43BR 
18-44BR 
18-45BR 
18-46BR 
18-47BR 
18-48BR 
18-49BR 
18-50BR 
18-51 BR 
18-52BR 
I8-53BR 
18-54BR 


C  =+5.2  dB 
Cl  Mod  at  Alarm  Cl 
Pwr  Div  A  ON 
Pwr  Div  A  CON 
Pwr  Div  B  ON 
Pwr  Div  B  CON 
Carr  Div  ON 
Carr  Div  CON 
Z8  ON 
Z8  CON 
Normal 

Normal  8  degree  W 


Date:  November  19,  1976 


THEORETICAL 

19-1 BR 

19-3BR 

19-4BR 

19-5BR 

19-6BR 

19-7BR 

19-8BR 

19-9BR 

19-lOBR 

19-1 IBR 

19-23BR 

19-24BR 


Normal 
Normal 
Cl  Off 
Cl  Off 
No  Cl 
No  Cl 
A2-10 
A2-20 
A2-30 
A2-40 
Cl  Off 
Cl  On 


=  0dB 


Table  11-32.  (Continued) 


Hr.  CDI  (mA)  ^50  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


2.65 


3.35 


m 


ELEVATION  ANGLE  (degrees) 

Figure  11-241.  Approach  17-02  BR  Commissioned  -  Normoi  with  Clearance. 
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*90  Hz.  CDI  (nA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11-243.  Approach  17-04  Commissioned  -  Normal  wfthout  Clearance. 


n-391 


Clearance  Off* 


11-392 


90  Hz.  GDI  (mA)  150  Hz 

-200  -100  0  +100  +  200 


2.0 


Figure  1 1-245. 


3.0  4.0 

ELEVATION  ANGLE  (de^ees) 

Approach  17-06  Comminioned  -  A2  -i-  15  Degrees, 
with  Clearance. 


1 
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90  Hz. 

-.300  -200  -100 


2.0  3.0 


ELEVATION  ANGLE  (degrees) 
Figure  11-246.  Approach  1707BR  Commissioned  -  A2 


- 1  ■  '  ■  ■■  ■  i, 

4.0 

-15  Degrees,  with  Clearance. 
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'90  Hz.  CDI  (jjA)  ^50  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degre«) 

Figure  11-247.  Approach  17-08BR  Commissioned  -  A3+45 Degrees,  with  Clearance* 

n-395 


ELEVATION  ANGLE  (defeat) 

FIgura  1V248.  Approach  17-09BR  Commintonad  -  A3-45  Dagraas,  with  Claoronca. 


1 


n-396 


2,65  3.35 


2.0 


.0 


4.0 


ELEVATION  AN 


(Amm 


\ 


3 


90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (da^eas) 

Ftgura  11-251.  Approach  17-1 5BR  Thaorafical  -  A2-f15  Dagraas. 
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2 


ALPHA  COKUA) 


2.3 

187, 

2.4 

160  . 

2.  5 

13t  . 

2,6 

105, 

2.7 

85, 

2.8 

71  . 

2,9 

42. 

3.0 

20. 

3.  1 

0. 

3.2 

-31  . 

3.  3 

-51  . 

3.4 

—66  • 

3.5 

-91  • 

3.6 

-  103. 

3,7 

-126. 

3.8 

-145. 

3.9 

-  182. 

4  .0 

-215, 

4.  1 

-21  5. 

4.2 

-242. 

2-0 


Hz. 

-300  -200  -100 


2.65 


3.35 
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1/^  A0-A07%  H2b 


UNCLASSIFIED 


OHIO  UNIV  ATHENS  DEPT  OF  ELECTRICAL  ENGINEERING  F/G  17/7 

IN-SERVICE  IMPROVEMENTS  AND  MODERNIZATION  OF  ALL  COMPONENTS  OF  — ETC(U) 
JUL  78  DOT-FA75WA-35A9 


EER-35-1 


FAA-RD-78-112-2 


6  OF  ^ 
*8^4426 

■ 

_ 

f 

OF 


ADA 

074426 


MICROCOPY  RESOLUTION  TEST  CHART 


’^Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrMs) 

Figure  11  ”254.  Approach  17-18  Theoretical  -  A 1-10  Degrees. 


11-402 


ELEVATION  ANGLE  (degrcai) 

Figure  11-255.  Approach  17- 19BR  TheoreHcal  -  A 1-20  Degrees. 

11-403 


ELEVATION  ANGLE  (d«flre«i) 

Figure  11-256.  Approach  17-20BR  Theoretical  -  A 1-30  Degrees. 

11-404 


’^Hz. 

-300  -200  -100 


ELEVATION  ANGLE 


Figura  11-’257.  Approach  17-21BR  TheoroHool  -A1  ■f20  Dogroos. 


11-405 


11-407 


P 


’^Hz.  CDI(hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (d«gre«>) 

Figure  11-260.  Approach  17-24  Commlitlonod  -  AA-30  Dogrew. 


11-406 


ELEVATION  ANGLE  (da^^Ms) 

Figure  11-'261.  Approach  17-25BR  Comminfoned  -  A2420  Degrees.' 


■^Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


“^Hz.  CDI  (hA)  150  Hz. 

-200  -100  0  +100  +200  +300 
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ALPHA  COI(UA) 


2.  C 

261  . 

2.1 

252. 

2.2 

21  0. 

2.3 

1  87. 

2.4 

148. 

2.5 

136. 

2.6 

1  I  5. 

2.7 

71  . 

2.P 

56. 

2.9 

47. 

3.0 

15. 

3,  1 

-20. 

3.2 

-36. 

3.3 

-51  . 

3.4 

-76. 

3.5 

-91  • 

3.6 

-103. 

3.7 

-126. 

3.8 

-158. 

3.9 

-173. 

4.0 

-207. 

4.1 

-233. 

4.2 

-242. 

4.3 

-251  . 

4.4 

-261. 

4  .5 

-287. 

'90  Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (dv^Mt) 

Figure  11-268.  Approach  17-33BR  Comminioned  -  A3  -60  Dogrow. 

11-416 


'90  Hz. 

-300  -200  -100 


2.65 


3.35 


ELEVATION  ANGLE  (d«9-e«s) 

Figure  11-269.  Approach  17-34BR  CommisfonlMl  -  A3 -70  Degrees. 


11-417 


ELEVATION  ANGLE  (degrees) 

Figure  11-270.  Approach  17-35BR  Commissioned  -  A3  -80  Degrees. 
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r 


11-419 

ia  ITi  ■  M 


mis  PlOl  IS  BXST  QUALITY  PIUCXl&iBI#fc 

nsoi  #0^^  i,\auisB»  xo  ddc  i«- 


ELEVATION  ANGLE  (degraes) 

Figure  11-274.  Approach  18-02BR  Theoretical  +10  Degrees. 


11-422 


ELEVATION  ANGLE  (degrem) 

Figure  11-275.  Approach  18-03BR  Theoretical  -  A2  ■t-20  Degrees. 

11-423 


ELEVATION  ANGLE  (degrees) 

Figure  1 1-276.  Approach  18-04BR  Theoretical  -  A2  +  20  Degrees 
(Repeat  18-03  BR). 
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Hz. 

-300  -200  -100 


.ALPHA 

2*2 

?.  A 
?  .5= 
2.6 
2.7 
2.3 

2. P 

■?  .0 

3. 1 

3.2 

3.3 

3.  ^ 

3.5 

3.6 

3.7 
3.H 
3.9 

4.6 


COI  (  UA  I 
25  2. 
235. 

21  «. 
166. 

1  36. 

I  |6. 
PC. 
65. 
37. 
1C. 

>  1  5. 

—4  f->  . 
-56. 
-36. 

-  1  OP. 

-  1  3». 
-15P. 
-207. 
-267. 


2.0  3.0  4.0 

ELEVATION  ANGLE  (dagrem) 

Figure  11-277.  Approach  18-05BR  Theoretical  -  A2  -10  Degrees. 


1 1-425 


ijiSl 


1 N426 


2.65 


3.35 


ELEVATION  ANGLE  (degrees) 

Figure  1 1-279.  Approach  18-07BR  Theoretical  -  Normal  -(Repeat  18-01BR). 

1 1-427 


’^Hz. 

-300  -200  -100 


11-428 


ijgHWa. 


O 

CM 


ALPHA 
2,  2 
?.3 

2.4 

2.5 

2.6 
2.  7 
2.P 


CDI (UA) 
235. 
187. 
18C. 
160. 
125. 
100. 
76, 
65. 
32. 

5. 
-1C. 
-36. 
-61  . 
-86. 

-  103. 
-132. 
-145. 
-IOC. 
-215. 
-251. 
-270. 
-287. 


2.0  3.0  4.0 

ELEVATION  ANGLE  (degrees) 

Figure  11-279.  Approach  18-07BR  Theoretical  -  Normal  -(Repeat  18-01BR). 
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1 


"^Hz.  CDI  (hA)  150  Hz. 

-200  -100  0  +100  +200  +300 


ELEVATION  ANGLE  (da^Ms) 

Figure  11-281.  Approach  18-09BR  Theoretical  -A2  -20De7ees. 

11-429 


ELEVATION  ANGLE  (de^Mi) 

Figure  11-282.  Approach  18-10BR  Thooreticol  -  A2  -40  Degrees. 
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"^Hz.  CDI  (fA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ri  r> 


ALPHA 
?.  I 
2.  2 
2.  ? 

2.4 

2.5 

2.6 
2.7 

2.  a 

2.9 

3. C 

3.  I 

3.2 
3.  3 

3.4 

3.5 

.6 
.7 

3.  a 

3.9 
4.0 

4.  t 

4.2 

4.3 

4.4 


COI (UA ) 
241, 
180. 
160. 
148. 
125. 
100  . 
76. 
65. 
47. 

1  5. 
-5. 
-25. 
-46, 
-71  . 
-86. 

-  108. 
-126. 
-151  , 
-198, 
-215. 
-24*2. 
-261  , 
-270. 
-287, 


r 


*^Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  P  ■'■100  •'■200  ■'•300 


ELEVATION  ANGLE  (dcgrcw) 

Figure  11-285.  Approach  18-13BR  Experimental  -  Normal  -  (Repeat  18-12BI0. 
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CDI  (nA)  150  Hz, 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (de^aes) 

Figure  11-286.  Approach  18-146R  Experimental  -  A2  -10  Degrees. 

11-434 


ELEVATION  ANGLE  (degrees) 

Figure  11-287.  Approach  18- tSBR  Experimental  -  A2 -20  Degrees. 
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'90  Hz.  GDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11-290.  Approach  18~18BR  Experimental  -  A3  +  40  Degrees. 
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ELEVATION  ANGLE  (dagr«ei) 

Figure  11-291.  Approach  18-19B11  Experimenfol  -  A3  -40  Degrees. 


'90  Hz.  GDI  (mA)  150  Hz. 

-300  -200  -100  p  +100  +200  +300 


/ 


ELEVATION  ANGLE  (degrees) 

Figure  11-293.  Approach  18-21BR  Experimental  -  A2  -10  Degrees,  A1-3dB. 
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CDI (UA  » 

I  .q 

-51  . 

?,r 

-25. 

2.1 

6C. 

2,2 

1  56. 

261  . 

3.  I 

21  0. 

3.2 

131  . 

3.  3 

76. 

3.  4 

20. 

3.5 

-31  . 

3.6 

-6  1  . 

3.7 

-103. 

3  .8 

-155. 

3.9 

-190. 

4.r 

-242. 

4.1 

-257. 

"90  Hz. 

-300  -200  -100 


2.0  3.0  4.0 


ELEVATION  ANGLE  (degreei) 

Ffgura  11-295.  Approach  18-23  BR  Exporimentol  -  A2-10 Degrees,  A1  Shorted. 
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'90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (dagraw) 

Figure  11-297.  Approoch  18-25BR  Experimental  -  A2  -10  Degrees,  A2-1  dB . 
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-173. 

3.  P 
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4. 1 
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4.2 

-261  . 

rr  ♦  *3 

-278. 

IG! 

:p6 

-42 


ELEVATION  ANGLE  (de^aw) 

Figura  11*303.  Approach  18-31 BR  Expartmantal  *  A2  -10  Dagraas,  A3-6  dB. 

11-451 


ELEVATION  ANGLE  (dagrMs) 

Figure  11-304.  Approach  18*02BR  Experimental  -  A2-10  Deip-eet,  A3-10  <B. 
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'90  Hz,  GDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +200  +300 


2.0  3.0  4.0 

ELEVATION  ANGLE  (degrees) 

Figure  11-307,  Approach  18-36BR  Expert meni’al  -  A2-10  Degrees  (Repeat  18-14BR). 
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'90  Hz.  CDI(mA)  150  Hz. 

-.300  -200  -100  0  +100  +  200  +  300 


2.65 


3.35 


ELEVATION  ANGLE ‘(d«grMt) 

Figure  11-308.  Approach  18-37BR  Experimental  -  A2-10  Degrees,  20  Degrees 
SBO  Dephase. 
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'90  Hz. 

-300  -200  -100 


FIgur*  11-309.  Approach  18-38BR  Exporlmontol  -  A2  -10  Dogroot,  30-Dogroe 
SBO  DophoM. 
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"90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degreat) 

Figure  11-310.  Approach  18-39BR  Experimental  -  A2-10  Degrees,  50  Degree  SBO  Dephate. 
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ELEVATION  ANGLE  (dagrMi) 

Ftgur*  11-313.  Approoeh  18-42BR  Eicptrliwnfol  -  A2-10  DagraM,  Claaranea  *3  dB. 
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4.0  -215. 


90  Hz,  CDI  (h4)  150  Hr. 

-200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (dcgrMs) 

Figure  11-315.  Approach  18-44BR  Experimental  -  A2-10  Degrees,  Clearance 
at  Alarm  Cl  -  0  dB. 
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+ 


2.65 


ELEVATION  ANGLE  (d«gr«M) 


Flgur*  11-316*  Approoeh  18-45BR  Experimental  -  A2-10  Degrees,  PWR  Divider 
A  Clockwise. 
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'90  Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (dcgrMs) 

Flggr*  11-317.  Approach  18-46BR  Exporimontol  -  A2-10  Dcgrcos,  WR  Divider  A  CCW. 


11-465 


'90  Hz.  CDI  (^A)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrMs) 


Figure  11-318.  Afwroach  18-47BR  Experimental  -  A2-10  Degrees,  PWR  Divider 
B  Clockwise. 
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'90  Hz.  CDI(mA)  150  Hz. 
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Figure  11*321.  Approach  18-50BR  Experimental  -  A2*10  Degrees,  Carrier  PWR 
Divider  CCW. 
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'90  Hz.  CD!  (jjA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11-322.  Approach  18-51BR  Experimental  -  A2-10  Degrees,  Control  Z8  Clockwise. 


^.0  3.0  4.0 


ELEVATION  ANGLE  (d*grMs) 

Figura  11-324.  Approoch  18-53BR  ExperinMntal  -  A2-10  DagrMC,  Normal 
(RBp«it  18-36BR). 
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ELEVATION  ANGLE  (degrMs 
Figure  11-326.  Approach  19-01BR  Theoretical  -  Normal* 
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ELEVATION  ANGLE  (degraw) 

Figure  11-327.  Approach  19-03BR  Theoretical  -  Normal  (Repeat  19-01  BIO. 
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Figura  11-328.  Approach  19-04BR  Thoorotloal  -  Normal,  Clooronca  OFF. 
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ELEVATION  ANGLE  (degrMs) 

FIgor*  11-329.  Approach  19-05BR  Th«)reHcal  -  Nomwl,  Clearance  Off  (topeot  19-04BR). 
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'90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 
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ELEVATION  ANGLE'^  (degrMs) 

Figur«  11-330.  Approach  19-06BR  Thooroticol  -  Normal,  Cleoronco  Off 
(Repeat  19-04BR). 
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Figure  11-331.  Approach  19-07BR  Theoretical  -  Normal,  Clearance  OFF 
O^at  19-04BR). 
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CDI(mA)  150  Hz. 

0  +100  +  200  +  300 


90  Hz. 

-200  -100 


ELEVATION  ANGLE  (degrees) 

Figure  11-335.  Approach  19-1 1BR  Theoretical  -  A2-40  Degrees. 
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ELEVATION  ANGLE  (degrees) 

Figure  11-336.  Approach  19-23BR  Commissioned  -  Normol,  Clearance  Off. 
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3.  Documentary  Flight  Data  for  a  Giphire  Effect  Glide  Slope  System  OperoHng 
at  on  Uhimproved  Site. 

a.  Introduction.  The  capture-effect  glide  slope  system  comprises  an  in¬ 
creasing  percentage  of  the  inventory  of  glide-slope  systems  in  the  United  States.  An 
investigation  was  performed  at  the  Addison  Runway  16  glide  slope,  Dallas,  Texas  to 
identify  system  performance  in  the  presence  of  unprepared  ground  plane  including  some 
truncation  and  a  depression  allowing  an  upslope  1200  feet  out  to  be  well  illuminated. 

The  work  was  performed  with  the  secondary  objective  of  identifying,  and  where 
necessary  developing,  techniques  to  aid  in  setting  up,  troubleshooting  and  maintaining 
the  system.  Considerable  insight  into  site  preparation  requirements  was  obtained. 

The  various  components  of  the  transmitting  system  were  systematically  perturbed. 
Parametric  changes  were  mode  in  amplitude  and  phase  of  the  signals  to  each  antenna. 
Checks  were  also  made  with  discrete  levels  of  sideband  power,  clearance  transmitter 
power,  sideband  phasing,  and  modulation  balance.  Far-field  path  onpje  and  width 
changes  and  the  corresponding  monitor  responses  were  observed  and  recorded. 

Because  this  is  principally  a  perturbational  study,  and  because  absolute  cali¬ 
bration  may  come  into  question,  the  reference  values  used  for  calculating  percentage 
of  far-field  tolerance  are  taken  os  those  which  were  initially  observed  in  the  ground- 
based  monitor  readings. 

b.  The  Addison  System.  The  Addison  capture-effect  glide  slope  is  a 
commissioned  fa^lity  using  Wilcox  Mark  I  D  equipment.  At  the  time  of  the  measure¬ 
ments,  the  transmitter  outputs  as  measured  by  the  built-in  wattmeter  were  os  follows: 


CSB 

4W 

SBO 

49  mW 

Clearance 

400  mW 

Lower  Antenna 

1.25  W 

Middle  Antenna 

340  mW 

Upper  Antenna 

62  mW 

The  transmitting  antennas  ore  Antenna  Products  Corporation  FAA-8976  three- 
element  colinear  arrays  which  are  fed  using  RG-214  coaxial  coble.  The  antennas  are 
situated  on  two  rigidly-guyed  utility  poles.  Wooden  poles  were  used  rather  than  the 
starxiard  metal  mast  to  avoid  possible  interference  with  a  nearby  VOR.  By  use  of  a 
theodolite  it  was  determined  that  the  centers  of  the  antenna  arrays  all  lie  in  the  same 
vertical  plane  but  the  antennas  ore  offset  as  shown  in  the  measurements  below: 

Antenna  Height  Offeet*  Angular  Displacement** 

13*8-1/8"  +7-1/2"  -1.2* 

27*  0"  0"  0.0" 

40*4-1/8"  -1111/16"  +1.5" 

"  Pocitive  offset  toward  runway. 

**  Positive  rotation  is  counterclockwise  when  viewed  from  the  top. 
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In  c’der  to  determine  the  magnitude  and  phase  of  the  signals  being  radiated  from 
each  antenna,  probe  measurements  were  token  with  a  jig-mounted  probe  and  a  Hewlett^ 
Packard  vector  voltmeter  Model  8405A.  The  detailed  procedure  followed  when  making 
these  measurements  is  given  in  the  following  sections  along  with  the  measured  values. 

c.  Procedures  for  Probe  Measurement  Taking  on  CEGS  Systems. 

1.  Turn  off  clearance  transmitter  and  dummy  sidebands. 

2.  Connect  the  vector  volt  meter  (VVM)  reference  input  to  the  monitor 
port  of  the  middle  antenna. 

3.  Attach  the  probe  jig  (which  is  connected  to  the  “B"  input  of  the 
WM)  to  the  center  element  of  the  middle  antenna;  note  the  amplitudes  of  the  reference 
and  "B"  signals  -  set  phase  to  zero  by  adjusting  the  trombone  phase  shifter. 

4.  Move  the  probe  to  the  lower  antenna,  center  element,  and  note 
phase  and  amplitude. 

5.  At  the  APCU,  insert  the  CSB  signal  into  the  SBO  input. 

6.  Place  the  probe  on  the  center  element  of  the  middle  antenna,  note 
the  amplitude  of  the  reference  and  "B"  inputs,  and  zero  the  phase. 

7.  Measure  both  center  and  outer  elements  of  all  other  antennas  and 
note  the  measured  phase  and  amplitude. 

8.  Move  the  reference  input  from  the  middle  antenna  monitor  port  to 
the  upper  antenna  monitor  port;  probe  the  center  element  of  the  upper  antenna  noting 
phase  and  amplitude. 

9.  Connect  the  reference  input  to  the  lower  antenna  monitor  port: 
probe  the  center  element  of  the  lower  antenna  noting  phase  and  amplitudes. 

10.  Dummy  the  carrier  and  connect  the  SBO  to  the  SBO  input.  Measure 
the  amplitude  of  the  center  element  of  the  middle  antenna  (the  phase  need  not  be 
measured). 

The  A  ratio  can  be  determined  by: 

^  SBO  (middle  antenna) 

CSB  (lower  antenna)  x  .8  x  M 

where  M  is  .4  typically  and  .8  is  a  correction  factor  that  is  used  when  measuring  a 
sideband  signal  with  a  vector  voltmeter. 
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d.  Probe  Mecsurement  Results 


CSB  Only 

Middle  antenna 
Lower  antenna 

CSB  into  SBO  Input 


amplitude  -23.5  dB,  phase  0* 
amplitude  -18.5  dB^  phase  140* 


Effective  Excitation 
Current* 


Middle  antenna  (center  element) 

Middle  antenna  (runway  element] 

Middle  antenna  (outer  element) 

Upper  antenna  (center  element) 

Upper  antenna  (runway  element) 

Upper  antenna  (outer  element) 

Lower  antenna  (middle  element) 

Lower  antenna  (runway  element) 

Lower  antenna  (outer  element) 

SBO  into  SBO  Input 

Middle  antenna,  center  element  amplitude  -38.5  dB 


Amplitude 

Phase 

-24.8  dB 

0* 

-25.1  dB 

34* 

-24.1  dB 

20* 

-29.5  dB 

+158* 

-31.0  dB 

0 

CM 

CO 

1 

-29.8  dB 

-146* 

-30.5  dB 

-154* 

-29.2  dB 

-185* 

-29.5  dB 

-184* 

:} 


-15.4  dB 
18* 

-21 .8  dB 
-160* 


-20.3  dB 
169* 


The  values  presented  above  give  complete  information  as  to  what  signals  were  being 
radiated  at  the  time  the  measurements  were  taken.  The  pertinent  data  is  contained  in 
the  individual  element  measurements;  the  monitor  port  readings  were  taken  in  order  to 
establish  a  relationship  between  the  actual  radiated  signal  and  the  monitor  port  output. 

The  need  to  measure  all  three  elements  of  the  FA-8976  antenna  is  due  to  the 
fact  that  the  radiated  signal  from  the  antenna  is  a  composite  of  the  signals  from  each 
of  the  elements.  The  equation  describing  this  relationship  is. as  follows: 

F(0)  ®[  Ij  +  1^  Ig  e”*^**”®lcos  (it/2  sin6)/cos8 

where  1^,  I2/  and  1^  are  the  complex  element  currents,  P  is  the  propagation  constant, 
d  is  the  element  separation  and  6  the  angle  of  propagation  (zero  on  centerline.  For 
this  study,  the  excitation  currents  along  centerline  are  the  parameters  of  interest 

(l.e.,  e»0): 

F(0)  -  l2+I^V,3 


”  Phosor  sum  of  element  currents. 
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The  radiated  signal  along  centerline  is  given  by  the  sum  of  the  individual  element  currents. 
This  sum  has  oeen  computed  on  the  previous  page  and  is  denoted  as  the  effective  ex¬ 
citation  current.  Taking  this  into  consideration,  the  system  output  relationship  con  be 
given  b/  the  following: 

Antenna 


Upper 

Middle 

Lower 

A  =  0.31 

e.  Terrain  ond  Site  Peculiorities.  The  terrain  profile  on  a  line  parallel  to 
the  runwdy  centerline  through  the  antenna  most  (shown  in  Figure  11-338)  reveals  a 
depression  beginning  from  300  to  800  feet  in  front  of  the  mast  and  then  sloping  upwards 
abeam  threshold.  The  depression  and  upslope  are  extremely  critical  in  this  location 
since  they  are  in  the  first  Fresnel  zone^®  ^  for  aircraft  just  beyond  the  middle  marker. 

The  pertinent  terrain  for  forming  and  operating  the  glide  slope  is  shown  in  the 
topographical  map  of  Figure  1 1-339.  The  reader  should  note  that  the  antenna  site  is 
1090  feet  back  from  the  physical  threshold,  thus  requiring  a  displaced  runway  threshold. 
The  Addison  site  appears  to  be  a  good  example  of  getting  maximum  utilization  of  a  poor 
site  without  any  terrain  modification  cost. 

The  existing  terrain  certainly  encourages  the  use  of  the  capture-effect  system 
particularly  because  of  the  short  ground  plane  and  the  upslope.  Detailed  predictions 
of  glide-path  performance  have  not  yet  been  made  using  the  sophisticated  mathematical 
model  dictated  by  the  complex  topography.  Necessary  information  for  modeling,  how¬ 
ever,  is  available  in  cose  on  analysis  is  desired  in  the  future.  Future  consideration  and 
use  of  this  information  should  recognize  that  the  airport  plar«  call  for  filling  some  of  the 
low  areas  in  front  of  the  antennas  before  1979. 

Fortunately,  there  are  no  structures  in  the  vicinity  of  the  antennas  that  would 
cause  multipath  interference.  It  is  noteworthy  that  a  VOR  station  is  located  approxi¬ 
mately  200  feet  to  the  side  of  the  directional  glide  slope  antennas.  It  is  this  VOR, 
of  course,  which  necessitated  earlier  convenion  of  the  glide  slope  from  the  common 
steel  tower  structure  to  that  using  wooden  utility  poles. 

f.  Doto  Processing.  Initial  flight  recordings  were  produced  on  analog 
strip  charts  and  labeled  os  to  run  number,  trace  identification,  and  chart  scale  facton. 
Upon  return  to  the  Avionics  Center,  each  chart  was  converted  to  digital  format  and 
recorded  on  magnetic  tape.  Using  Avionics  Engineering  remote  access  computer  facilities, 
the  data  was  placed  in  formatted  disk  files  and  reviewed  for  reasonableness  (placement 

of  event  marks,  presence  of  communications  radio  interference,  etc.).  Each  data  point 
was  then  scaled  to  microamperes  of  CDI  current  corrected  by  the  computer  with  receiver 
calibration  data  to  take  out  any  nonlinearities  in  receiver  output  at  higher  CDI  values. 


CSB  SBO 


Magnitude 

Phase 

Magnitude 

Phase 

0 

— 

.48  A 

-178* 

1.0 

0* 

1.00A 

0* 

0.57 

140* 

0,57  A 

141* 
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Figure  11-338.  Centerline  Profile. 


TO  Guoe  OLOP£  ANrCNMA  MAST 


Using  theodolite  event  marks  recorded  on  the  chart  during  the  flight  and  sub¬ 
sequently  digized  along  with  the  data,  the  theodolite  angle  is  matched  with  Mini  lab 
analog  output  data  for  pattern  B  level  runs.  Pattern  A  (flyobility,  structure)  data  is 
processed  using  matched  event  marks  to  provide  corutant  chart  dimensions  to  correspond 
to  fixed  geographical  check  points,  thus  eliminating  variable  ground  speed  effects 
from  one  run  to  the  next.  The  disk-resident  data  files  are  then  converted  to  digital 
plotter  format,  and  the  Avionics  Engineering  Center's  remote-connected  plotter  produces 
graphs  on  preprinted  axis  forms.  The  results  are  presented  in  this  section  as  graphs  of 
CDI  versus  theodolite  angle  for  Pattern  B  approaches,  and  os  CDI  versus  distance  in 
the  case  of  Pattern  A  approaches. 

In  this  manner, a  data  processing  capability  for  ILS  data  is  implemented  which 
will  accept  digital  data  directly  from  analog  charts  or  the  digital  data  collection  system. 
Fortunately,  the  one,  manual  step  of  analog  chart  digitizing  con  be  accomplished 
efficiently  to  allow  uniformity  in  graphical  data  presentation. 

g.  Documentary  Data".  The  data  presented  in  Figures  11-340  through  11-375 
represent  the  pertinent  resulh  of  flight  measurements  of  Addison  Runway  16  glide  slope 
facility.  These  plots  are  made  from  the  flight  recordings  as  described  above. 

There  are  two  flight  patterns  generally  used  to  evaluate  a  glide  slope  system: 

(1)  a  standard  approach  on  the  glide  path  (Pattern  A),  and  (2)  a  level  flight  in  the 
approach  region  (Pattern  B).  The  graphs  representing  the  standard  approach  data  plot 
CDI  versus  distance  from  threshold,  and  the  level  flights  by  CDI  versus  elevation  angle. 
The  ^75  microamperes  and  ±0.35^  reference  lines  on  the  level  flight  formats  are  for 
comparing  against  ideal  glide  path  characteristics  (i.e.,  0  microamperes  at  3.00**, 

±75  microamps  at  3.00  ±  0.35^).  Measurements  were  made  using  a  Warren  Knight 
Model  WK83  radio  telemetering  theodolite. 

Values  in  microamperes  of  CDI  for  every  one-tenth  degree  are  given  in  tabular 
form  on  each  plot.  This  information  has  been  included  in  order  to  provide  for  a  more 
convenient  direct  comparison  of  the  data.  The  run  number  (e.g.,  18-2BR)  indicates 
the  day  of  the  month  of  the  test  (18),  sequence  number  for  that  day  (2),  the  type  of 
flight  pattern  (B),  and  the  initial  of  the  theodolite  operator  (R).  The  plots  of  the 
flight  data  are  given  in  sequence  of  acquisition;  the  facility  was  first  measured  as 
commissioned,  then  observed  under  various  perturbed  conditiorrs,  and  finally  re¬ 
measured  to  confirm  restoration.  Phasing  of  the  glide  slope  transmitting  antenna 
system  was  checked  using  quadrature/airbome  techniques.  For  the  upper-middle 
antennas,  40  (150  Hz);  lower-upper  55  pA  (90  Hz);  lower-middle  antennas 

380  pA  (150  Hz).  No  adjustments  were  made. 

h.  Comparison  of  Near-Field  Monitor  Response  with  For-Reld  Observations. 
Monitor  readings  In  digital  form  from  the  Mark  I  D  equipment  were  recorded  For  each 
system  perturbation  and  associated  flight  measurement.  These  readings  provided  clear 
documentation  on  near-field  monitor  response  to  the  specific  fault  conditions.  Com¬ 
parison  between  the  neor-field  monitor  response  and  the  observed  for-field  response  is 
thus  easi  ly  mode. 
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Table  11-33  presents  the  observed  response  to  ibe  fault  condi Hons.  In  general, 
doubling  the  fault  condition  doubles  the  detected  fault,  end  phase  advances  and 
retardations  of  the  some  amount  cause  similar  responses.  Table  11-33  also  reveals 
that  the  near-field  monitor  tends  to  be  conservarive  in  that  it  indicates  on  alarm 
condition  well  before  an  alarm  condition  in  the  far  field  is  detected. 
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Table  11-33.  Comparison  of  Near-Field/Far-Field  Results 
for  Various  Fault  Conditions. 


90  Hz 


90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +2CC  +300 


2.0  3.0  4.0 


ELEVATION  ANGLE  (degrees) 

Figure  11-341.  Approach  18-3BR,  Normal. 
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OHIO  UNIV  ATHENS  DEPT  OF  ELECTRICAL  ENGINEERING  F/G  17/7 

IN-SERVICE  IMPROVEMENTS  AND  MODERNIZATION  OF  ALL  COMPONENTS  OF  — ETC(U) 
JOL  78  D0T-FA75VA-3549 

EER-35-1  FAA-RD-78-112-2  NL 


OF 

ADA 
074426 


2.65 


3.35 


ELEVATION  ANGLE  (degrees) 
FIgwr*  1U4Z  Approach  18-4BR,  Normal. 
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90  Hz.  CDI  ivA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

FIgur*  11-343,  Approach  18-5BR,  Normal. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11~344>.  Approach  18-6BR,  Normal/  No  Clearance. 
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90  Hz.  CDI  (mA)  150  Hz. 

-.300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figur*  11-345.  Apfsroach  18-8BR,  SBO  Reduced  to  Atorm. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figur*  11-346.  Approach  18-9BR,  SBO  Reduced  to  Alarm. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  1 1-347.  Approach  18-1 1 BR,  Normal ,  8*  West  of  Centerline . 
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CDI(nA)  150  Hz. 

-100  0  +100  +  200  +  300 


2.65 


3.35 


ELEVATION  ANGLE  (degrees) 

Figum  1<W348.  Approach  18-12BR,  Normar/  8*  East  of  Centerline. 
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90  Hz,  GDI  (mA)  150  Hz. 

-.300  -200  -100  0  +100  +  200  +  300 
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3. 

35 

V 
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AOS  ia-l‘3BR 

ANGLE  COI 

2.0  2C5.0 

2*1  198.3 

2.2  188.2 
2.3  189.5 

\ 

_ ^75 

2.4  182.7 

2.5  150.0 

2.8  124.3 

2.7  87.2 

2.8  61.1 

2.9  36.0 

3.C  13.0 

3.1  -19.0 

3.2  -41.0 

3.3  -60.0 

3.4  -72.0 

3.5  -77.0 

3.6  -79.0 

3.7  —8  0.0 

3.8  *88.0 

3.9  -91.2 
4.0  -101.5 
4.1  -109.6 

rr  4.2  -125.8 

■  J)  ^ 

2.0  3. 

1  1 

0  4.0 

ELEVATION  ANGLE  (degrees) 

Figure  1V349.  Approach  18-13BR,  Middle  Antenna  PhoM  Advanced  15*  to  Alarm. 
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Figur*  1V0M.  Approach  18-15BR,  Middle  Antenna  Phase  Retarded  14*  to  Alarm. 


# 


'  2.0  3.0  4.0 

ELEVATION  ANGLE  (degrees) 

Figure  1M51.  Approach  18-17BR,  Middle  Antenna  Phase  Advanced  28*  to  Twice  Alonn. 
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Figure  11-352.  Approach  18-19BR,  Middle  Antenna  Phase  Retarded  28®  to  Twice  Alarm 
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Figure  1M54.  Approach  18»22BR/  Upper  Antenna  Phase  Advanced  22*  to  Alarm. 
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Figure  1l>35&  Approach  18<-24BR,  Upper  Antenna  Phase  Retarded  22*  to  Alarm. 

n-sio 


'90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degrees) 

Figure  1)-356k  Approach  18-26BR,  Upper  Antenna  Phase  Advanced  44*  to  Twice  Alarm. 
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Fl^ir*  1W57,  Approach  18-28BR,  Upper  Antonno  PhoM  Retarded  44*  to  Twice  Alarm 
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Figure  1V358.  Approach  18-30BR,  Lower  ^terina  Phase  Advanced  15*  to  Alarm 
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Figure  1M60.  Approach  18-34BR,  Lower  Antenna  Phase  Advanced  30*  to  Twice  Aiarm 
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Figure  1V361.  Approach  18-36BR,  Lower  Antenna  Phose  Retarded  20*  to  Twice  Alarm 
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Figure  1V^2,  Approach  18«44BR^  Middle  Antenna  Attenuated  1  dB  to  Alarm. 
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Figur*  1V363.  Approach  18-46BR/  Middle  Antenna  Attenuated  2  dB  to  Twice  Alarm. 
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Figure  lV-364  Approach  18-48BR,  Upper  Antenna  Attenuated  2  dB  to  Alarm. 
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Figur*  1II-366.  Approach  18-52BR/  Lower  Antenna  Attenuated  T  dB  to  Alarm 
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Figure  1M67.  Approach  18-54BR/  Lower  Antenna  Attenuated  2  dB  to  Twice  Alarm. 
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Figure  11-368.  Approach  18-56BR,  CS8  to  SBO  Phase  Shifted  30*  to  Alarm. 
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Figure  11^69.  Approach  18-57BR/  CSB  to  SBO  Phase  Shifted  30°  to  Alorm  (Advance), 
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Figure  ll-dTd  Approach  18-58BR,  SBO  Power  tncreoMd  fo  Sharp  Alarm 
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4.  Documentary  Flight  Data  for  g  Qipture  Effect  Glide  Slope  System  Operat¬ 
ing  with  g  Tnjncoted  Ground  Plane" 

a.  Optimization. 

(1)  General.  The  purpose  of  this  section  is  to  document  the  results 
of  an  optimization  program  conducted  with  the  glide  slope  serving  Runway  31  at  the 
Rcdbird  Airport,  Dallas,  Texas.  The  ground  plane  serving  the  image  capture-effect 
glid^  slope  at  Redbird  is  far  from  ideal.  Basically  it  is  short  (1000  feet),  slopes 
downward  away  from  the  antennas  at  .39®,  and  on  the  side  opposite  from  the  runway 
the  ground  plane  drops  abruptly  more  than  10  feet.  These  complications  clearly 
require  that  parameters  of  the  system,  phasing  in  particular,  be  adjusted  to  com¬ 
pensate  for  the  non-ideal  site. 

The  basic  objective  of  the  work  was  to  document  facility  performance  and 
insure  a  glide  slope  which  will  meet  the  requirements  set  forth  in  the  U.S.  Flight 
Inspection  Handbook  OAP  8200.1 .  This  was  achieved,  and  key  documentation  to 
support  this  is  contained  in  Rgures  11-376  and  11-377, 

Initially  the  system  was  found  configured  as  the  Wilcox  Corporation  had  left 
it  several  weeks  earlier.  Careful  documentation  data  were  taken  on  the  ground  and 
in  the  air  so  that,  if  desired,  the  facility  could  be  returned  to  this  configuration. 

Flight  data  indicated  that  the  system  was  operating  such  as  to  meet  82.001  Handbook 
requirements  with  the  exception  of  the  be  low-path  structure  (maximum  fly-up  60 
microamperes  at  2 .2®  elevation)  and  low  path  angle  (2 .63*)  at  8®  on  the  southwest 
side  of  the  runway  centerline  extended.  Although  the  specifications  are  not  well 
defined  by  the  handbook  for  this  8®  region.  It  is  believed  that  some  flight  inspectors, 
at  least,  would  on  a  judgmental  basis  regard  this  type  of  condition  as  unacceptable. 

(2)  Instrumentation  for  Data  Collection.  The  Ohio  University  Mark 

2  Mini  lab  was  used  for  all  airborne  data  collection.  This  was  mounted  in  a  Beechcraft 
Model  35  Bonanza  which  carried  a  complement  of  usual  IFR  avionics  equipment  (King 
Silver  Crown)  augmented  with  necessary  items  for  Category  II  certification.  This 
operational  equipment  was  used  to  cross-check  the  values  recorded  in  the  Mini  lab. 

The  Mini  lab  consisted  of  three  Narco  UGR-2  receivers  for  processing  the  glide 
slope  and  telemetry  information  from  the  theodolite.  A  GS-2/GRM-4  (military 
equivalent  of  the  Boonton  232A)  was  transported  to  the  Redbird  site  and  used  for 
calibration  and  standardization  of  the  Mini  lab  receivers.  This  generator,  originally 
calibrated  at  the  FAA  Aeronautical  Center,  is  currently  maintained  os  a  laboratory 
transfer  standard  at  the  FAA-approved  repair  station  operated  by  the  Avionics  Engineer¬ 
ing  Center  at  Ohio  University.  This  standard  is  traceable  to  the  National  Bureau  of 
Standards  in  Boulder.  Two  Honeywell  Electronik  19  strip  chart  recorders  were  used  to 
record  the  data  with  a  total  of  four  analog  channels  and  two  binary  which  were  used 
for  event  marking.  Voltage  supplies  were  regulated.  A  solid  state  differential  amplifier 
was  part  of  the  laboratory  thus  allowing  direct  readout  of  the  difference  between  the 
glide  slope  CDI  and  theodolite  position. 
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A  Warren  Knight  Model  WK-83  radio  telemetering  theodolite  was  used  for  tracking 
the  aircraft,  and  this  was  electrically  connected  to  a  Reaction  Instrument  Model  6050 
telemetry  transmitter  operating  on  329.0  MHz.  Theodolite  placement  was  surveyed 
according  to  Handbook  OAP  8200.1 . 

(3)  Parameters  of  Interest.  The  U.S.  Flight  Inspection  Handbook 
calls  out  the  following  parameters  which  are  to  be  measured  and  compared  to  certain 
Category  I  tolerances  for  acceptability.  These  are  identified  in  the  following  para¬ 
graphs  and  supporting  flight  records  are  contained  in  Figures  11-376  and  11-377. 


(a)  Modulation  Equality  and  Phasing  (Tolerance  ^5  microamperes).  The  facility 


was  found  to  give  zero  microamperes  initially  for  equality,  and  subsequent  checks 
showed  maximum  indication  of  2  microamperes  into  the  90  Hz.  Sideband-to-carrier 
phasing  was  found  to  give  2  microamperes  into  the  150  Hz.  No  adjustments  were 
made. 


(b)  Modulation  of  90  and  150  Hz  (Tolerance  75%  -  85%).  The  modulation 


percentage  was  found  to  be  78%.  No  adjustments  were  made. 


(c)  Angle  and  Width  (Tolerance:  Nominal  angle  3.00®  ±  0.05®  and  nominal 
width  of  0 


was  found  to  be  2 .99®  with  a  width  of  0.74®  and  a  symmetry  of  54%  to  46%  (below 
above)  established  with  adjustment  of  sideband  power.  See  Figure  11-376. 


(d)  Clearance  (Below-Path  Clearance  180  Microamperes  Normal  Width;  150 


Microamperes  with  Path  Lowered  and  prodd).  Clearance  was  found  to  be  at  least 
microamperes  when  flying  below  1 .8®  or  less  on  an  approach  to  the  airport  from 
a  distance  of  five  miles  to  the  threshold  with  broad  alarm  due  to  reduced  sideband 
power  and  clearance  transmitter  at  alarm  for  low  percentage  modulation. 


(e)  Structure  (Tolerance  is  ±30  microamperes  throughout  zones  1,2,  and  3, 


referencing  the  graphicaraveroge  path,  the  overage  path,  and  the  graphic  average 


oth  respectively).  The  structure  (flyobility)  was  found  to  be  exceedingly  good . 
e  average  patn  angle  was  3.01®  with  ±8  microamperes  roughness  in  zone  two. 
Site-caused  roughness  was  almost  all  within  the  noise  of  the  measurements:  Z1- 
12  microamperes/4.9  nm;  Z2-8  microamperes/3  nm;  Z3-8  microamperes/. 3  nm 
(reference  13-35  AR,  Rgure  11-377). 


(f)  Usoble  Distonce  (Minimum  acceptoble  level  »»  15  hard  microvolts  of  ^ 
antenno  terminols).  By  using  a  variable  oUenuator  and  the  threshold  of  the  glide  slope 
^ceiver  calibrated  agairet  a  standard  signal  generator,  a  signal  level  of  15.3  hard 
microvolts  was  found  at  intercept  altitude  (2200  feet  MLSO  10  miles  from  the  threshold. 
This  provides  no  margin  over  minimum  requirements;  however,  these  measurements  were 
made  with  the  main  trartsmitter  reduced  to  3  dB  alarm  and  clearance  transmitter  powers 
reduced  to  the  alarm  limit  (1  dB).  It  should  be  noted  that  the  field  strength  measure¬ 
ment  tolerance  is  such  that  no  significant  deficiency  is  deemed  to  exist. 
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(g)  Monitors  (Alarm  limits  shall  be  no  greoter  than  7.5%  for  the  path  angle, 
limits  no  greater  than  0.5  and  for  the  width;  6.^°  path  width  maximum  for  g 
cgirier-to-sidebonci  dephosing).  Monitor  alarm  limits  were  checked  and  found  to 
as  follows: 


Path  Angle 
(No  path  angle,  control/ 
advanced  of  upper  antenna 

40») 

Path  Width 
(S  i  deband  Power) 


SBO/pB  30° 
Dephosing 


Normal  2.99“ 

Upper  — 

Lower  2.81“  (Hard  Alarm,  Twice 
Alarm  limit) 


Normal  .74* 
Broad  .84* 
_Sharp  .63* 


Advance  .94“ 
Retard  .79“ 


These  responses  are  satisfactory  and  will  meet  requirements.  In  addition  each  antenna 
was  dephased,  both  advance  and  retard,  to  alarm  limits  and  resulting  path  angle  and 
width  values  were  measured  in  space.  Also,  each  antenna  feed  was  attenuated  to  alarm 
and  flight  measurements  were  made.  Following  in  Table  11-34  are  the  tabulated  results: 


Adjusted  to  Alarm 

Path 

Angle 

Width 

Structure  Angle “/ 
Max.  Fly-Up  in  pA 

Run 

No. 

Lower  Antenna  Advance  15“  (2-16) 

3.08“ 

.65“ 

2.17“/>236pA 

2-16 

Retard  6“  (2-17) 

3.00“ 

.80“ 

1 .84“/>235pA 

2-17 

Attenuate  1 .5dB  (2-19) 

3.09“ 

.68“ 

1 .95“/>233pA 

2-19 

Middle  Antenna  Advance  +12“  (2-11) 

3.06“ 

.81“ 

1 .77“/>234pA 

2-11 

Retard  9.6“  (2-12) 

3.08“ 

.64“ 

2.21“/>235pA 

2-12 

Attenuate  .5dB  ^-18) 

3.06“ 

.77“ 

1.93“/>238pA 

2-18 

Upper  Antenna  Advance  20“  (14-22) 

2.88“ 

.73“ 

2.05“/>230|iA 

14-22 

Retard  27“  (14-24) 

2.94“ 

.71“ 

1.96“/>195hA 

14-24 

Attenuate  IdB  (15-18) 

2.92“ 

.71“ 

1 .95“/>245pA 

15-18 

These  all  indicate  safe  and  satisfactory  conditions. 

Table  11-34.  Fault  Data. 
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(4)  Additional  Considerations.  Although  the  U.S.  Flight  Inspection 
Handbook  does  not  give  quantitative  tolerances  for  path  characteristics  off  localizer 
centerline#  except  for  the  1/2%  allowable  angle  change#  the  ±8®  sector  designated 
by  ICAO  was  corefully  scrutinized.  Results  of  the  optimization  permitted  good  path 
characteristics  to  be  obtained  in  spite  of  the  terrain  drop-off  existing  on  the  west 
edge  of  the  reflecting  plane.  It  should  be  emphasized  that  satisfactory  conditions 
were  obtained  only  to  8*  west  in  azimuth.  At  9®  unsatisfactory  conditions  existed# 
particularly  in  below-path.  Continuous  azimuth  reference  with  telemetry  was 
accomplished  with  the  theodolite  located  at  the  point  designated  in  Manual  8200.1 . 

This  is  not  the  runway  centerline  reference  specified  by  ICAO;  however#  it  is  a  con¬ 
servative  value  because  the  critical  side  is  on  the  same  side  of  the  runway  as  the 
theodolite.  A  correction  table  is  provided  in  Figure  11-378  for  detailed  analysis. 

The  flight  checks  showed  also  that  the  190  microampere  fly-up  indication 
occurred  at  on  angle  greater  than  1®  elevation#  and  this  is  greater  than  30%  of  the 
nominal  path  angle.  On  a  level  run  1000  feet  above  the  elevation  of  the  approoch 
end  of  the  runway  from  10  miles  inward#  1  ®  elevation  to  1  ®  below  the  glide  path 
angle#  the  clearance  was  not  less  than  180  microamperes. 

In  the  process  of  obtaining  the  usual  data  to  certify  a  capture-effect  glide  slope# 
additional  data  were  obtained  to  insure  quality  performance  and  provide  documentation 
of  responses  to  certain  fault  conditions.  Path  angle#  width#  and  structure  angle  measure¬ 
ments  were  made  on  faults  of  twice  alarm  limits  produced  by  advancing  and  retarding 
the  phases  of  the  signals  to  each  antenna  and  attenuating  each  to  give  twice  an  alarm 
value.  See  Table  11-35. 


Also#  a  spot  measurement  below  path  at  a  point  4  miles  from  the  runway  1 .2® 
elevation  was  accomplished  with  and  without  clearance  transmitter  for  most  of  the 
fault  conditions.  All  conditions  observed  showed  the  system  to  be  operating  in  an 
optimum  condition  based  on  theory. 


Path  Angle 

Width 

Structure 

Ang  le  1 90pA 

Max 

Clearance 

Run 

No. 

8®  East  (Theodolite) 

2.86® 

.97® 

1.54® 

>250pA 

15-28 

Loc  Edge  East 

3.03® 

.63® 

2.20® 

250pA 

12-8 

Centerline 

3.03® 

.65® 

2.10® 

230pA 

12-7 

Loc  Edge  West 

2.99® 

.68® 

1.4® 

195pA 

12-9 

8®  West  (Theodolite) 

2.77® 

.89® 

1.49® 

>240mA 

15-27 

Table  11-35.  Azimuthal  Data. 


11-538 


(5)  Conclusions.  The  glide  slope  at  Redbird  when  optimized  was  found 
to  meet  all  flight  inspection  requirements  for  commissioning  as  specified  in  Handbook 
OAP  8200.1. 

b.  Perturbgti ona I  Study. 

(1)  General.  This  section  is  concerned  with  the  documentation  of 
the  performance  of  capture  effect  glide  slope  systems  operating  under  various  terrain 
and  fault  conditions.  The  Redbird  Runway  31  glide  slope  site  was  selected  os  one  for 
use  in  the  capture  effect  documentation  program  for  several  reasons.  First,  the  site 
at  the  time  was  not  commissioned  and  maximum  flexibility  was  thus  afforded.  Second, 
the  site  was  a  mild  problem  site  with  limited  ground  plane  tapering  and  rolling  off 
dramatically  on  the  side  away  from  the  runway.  Rnally,  considerable  Interest  existed 
for  geHing  the  site  commissioned;  thus  valid  engineering  data  would  be  a  contribution 
towards  this  end. 

The  FAA  and  Wilcox  had  collected  some  flight  data  previously  which  indicated 
the  site  was  creating  a  problem,so  it  was  recognized  that  there  would  necessarily  hove 
to  be  system  optimizing  to  accommodate  the  site  peculiarities.  First,  measurements 
were  made  to  document  the  existing  performance  provided  by  the  Wilcox  settings. 

Then  starting  from  a  theoretical  base  established  from  mathematical  modeling,  experi¬ 
ments  were  performed  to  establish  and/or  confirm  the  optimum  facility  parameter 
values.  Following  this,  the  electrical  values  of  the  system  were  perturbed  systematically 
and  the  monitor  and  far  field  responses  recorded.  Finally,  in  an  attempt  to  make  a 
maximum  contribution  to  the  FAA  program  the  system  was  set  and  left  such  that 
commissioning  could  be  accomplished  with  the  least  possible  flight  time.  This  lost 
Is  reported  in  the  previous  section  of  this  report.  This  section  documents  the  effects  - 
of  perturbing  the  optimum  system.  These  perturbations  consisted  of  changes  in 
amplitude  and  phase  of  the  signals  to  each  antenna,  changes  in  sideband  power, 
clearance  transmitter  power,  carrier-to-sideband  phasing,  and  modulation  balance. 

Of  particular  concern  was  the  response  of  the  system  relative  to  established  monitor 
alarm  limits. 


Equipment.  The  Redbird  capture^ffect  glide  slope  as  of  September 
1977  is  a  commissioned  facility  using  a  Wilcox  Mark  I  D  transmitter.  The  commissioned 
power  outputs  as  measured  by  the  built-in  wattmeter  were  os  follows: 

CSB  4W 

SBO  60mW 

Clearance  250mW 

The  transmitting  antennas  are  Antenna  Products  Corporation  FA-8976  three- 
element  eolinear  arrays  which  ore  fed  through  RG-214  coaxial  cable.  These  antennas 
are  mounted  on  a  standard  rugged  metal  glide  slope  mast.  Sightings  by  theodolite 
indicate  that  the  antennas  are  aligned  within  measurement  accuracy  vertically  and 

I 
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angularly.  The  heights  of  the  antennas  os  measured  from  the  cement  base  of  the 
mast  are  given  below: 


Antenna  Height  Offset 

12.25  feet  8  inches 

24.25  0 

36.4  18 

In  order  to  determine  the  signals  being  radiated  from  each  antenna /  probe 
measurements  were  taken  using  a  jig-mounted  probe  and  a  Hewlett-Packard  vector 
voltmeter.  The  data  obtained  is  given  below  along  with  the  measured  values. 

CSB  ONLY 


Reference  amplitued  (middle  antenna  monitor  port) 
Middle  antenna  amplitude  -27.8  ,  phase 

Lower  antenna  amplitude  -20  ,  phase 


■»6.2 


0® 


168* 


CSB  into  SBO  Input 


Reference  amplitude  (middle  antenna  monitor  port)  +10,0 

Effective  Excitation 


Amplitude 

Phase 

Current 

Middle  antenna  (center  element) 

-22.0 

0*  1 

1  -13.3 

i  '=• 

Middle  antenna  (runway  element) 

-23.2 

270 

Middle  antenna  (outer  element) 

-22.7 

20.5* 

Upper  antenna  (center  element) 

-29.0 

181*1 

,  -18.4 

163* 

Upper  cntenna  (runway  element) 

-30.5 

146.5^ 

Upper  antenna  (outer  element) 

-28.8 

148*  J 

Lower  cntenna  (middle  element) 

-30.0 

174*  “1 

1  -20.4 

I  180.5* 

Lower  cntenna  (runway  element) 

-31.8 

181.5* 

Lower  cntenna  (outer  element) 

-28.2 

185* 

U|pper  cntenna  monitor  port  (reference)  amplitude  t3,0 
Center  element,  upper  antenna  -  amplitude  -28«1,  phase  8* 
Lower  antenna  monitor  port  (reference)  amplitude  •♦•4.5 
Center  element,  lower  antenna  -  amplitude  -29.0,  phase  1.0* 


Middle  antenna,  center  element  amplitude  -37.5 


A  ratio  =  .42 

The  values  presented  above  give  complete  information  as  to  what  signals  were 
being  radiated  at  the  time  the  measurements  were  taken.  The  pertinent  data  is  con¬ 
tained  in  the  individual  element  measurements;  the  monitor  port  readings  were  taken 
in  order  to  establish  a  relationship  between  the  actual  radiated  signal  and  the  monitor 
port  output. 

The  radiated  signal  along  centerline  is  the  sum  of  the  individual  element  currents. 
Taking  the  above  into  consideration,  the  system  output  relationships  can  be  given  by  the 
following: 


Antenna 

CSB 

Magnitude 

Phase 

SBO 

Magnitude  Phase 

Upper 

0. 

— 

.55A 

148* 

Middle 

.44 

0* 

l.OOA 

0* 

Lower 

1.00 

165* 

.44A 

165* 

(3)  Terrain  and  Site  Peculiarities. 

iT=m: 


The  terrain  profile  along  center- 


line  for  runway  is  shown  In  Rgure  11-379.  As  seen  in  Figure  11-379  ,  the  terrain 
slopes  downward  for  1600  feet  with  its  slope  increasing  with  increasing  distance  from 
the  antenna  most.  The  terrain  then  rises  about  7  feet  before  continuing  its  downward 
slope  which  ends  at  a  commercial  shopping  center. 

In  order  to  describe  the  effects  of  this  terrain  on  glide  slope  performance, 
reference  will  be  made  to  the  first  FresneK^^  zone  location.  ^  is  commonly  under¬ 
stood,  the  center  of  the  elliptical  Fresnel  zone  moves  closer  to  the  antenna  and  its 
size  continually  decreases  os  the  aircraft  approaches  the  threshold.  For  aircraft 
positions  greater  than  20,000  feet  from  threshold,  the  Fresnel  zone  center  is  approxi¬ 
mately  1000  feet  from  the  antenna  most  and  is  1 ,500  feet  long.  As  seen  in  Figure 
11-3^,  the  terrain  1000  feet  in  front  of  the  antenna  mast,  it  con  be  expected  that 
this  downslope  will  affect  the  glide  slope  for  aircraft  beyond  the  outer  marker.  As 
the  aircraft  moves  closer  to  threshold,  the  Fresnel  zone  moves  up  the  slope  and  its 
area  decreases. 

The  topographical  map  of  Figures  11~380  and  381  show  that  the  terrain  drops 
off  more  quickly  to  the  west  of  the  runway  than  the  area  along  centerline.  This  quicker 
dropoff  causes  the  Fresrtei  zone  to  be  along  a  steeper  slope  for  aircraft  positions  to  the 
west  of  centerline. 


tests. 


There  were  no  structures  within  2,000  feet  that  would  hove  Interfered  with  these 
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Figure  11-379.  Redbird  Profile  Storting  at  Center  of  Tower  Bcse  (Sto.  0  +  00) 
Running  Parallel  with  Runway  at  Distance  of  3,000  Ft.  in 
Southeasterly  Direction. 


lide  Slope  Antennas  at  Redbird  Airport. 


Figure  11-381.  Continuation  of  Topographical  Map  Showing  Region  in  Front  of  Antennas  Parallel 
to  Centerline. 


(4)  Doto  Processing.  Analog  daf’o  was  digitized  and  stored  in  the  Ohio 
University  IBM  370  computer  memory  bank.  The  data  was  then  retrieved  from  the  memory 
and  plotted  using  a  Hewlett-Packard  Model  7203A  digital  XY  plotter.  Details  of  this 
process  are  given  in  the  discussion  of  the  Addison  Glide  Slope  work  earlier  in  this  report. 

(5)  Documentary  Data.  The  data  presented  in  Figures  11-382  through  11- 
466  represent  ihe  pertinent  flight  test  results  for  the  Redbird  Runway  31  glide  slope 
facility.  These  plots  have  been  mode  from  the  flight  recordings. 

There  are  two  flight  scenarios  generally  performed  to  evaluate  a  glide  slope  system: 
(1)  a  standard  approach  on  the  glide  path,  and  (2)  a  level  flight  in  the  approach  region. 
The  graph  presenting  the  standard  approach  data  plots  GDI  versus  distance  from  threshold, 
and  the  level  flights  by  GDI  versus  elevation  angle.  The  ±75  microamperes  and  ±.35® 
reference  lines  on  the  level  flight  formats  are  for  comparing  against  ideal  glide  path 
characteristics  (i.e.,  -  microamps  at  3.00®,  ±75  microamps  at  3.00  ±  .35®). 

GDI  values  in  microamps  for  every  tenth  degree  are  given  in  tabular  form  on  each 
plot.  This  information  has  been  included  in  order  to  provide  for  a  more  convenient 
comparison  of  the  data.  The  run  number  (e.g.,  18-2BR)  indicates  the  day  of  the  month 
of  the  test  (18),  which  run  on  that  day  (2),  the  type  of  flight  scenarios  (A  corresponds  to 
a  normal  approach,  and  B  to  a  level  flight),  and  the  initial  of  the  theodolite  operator. 

The  plots  of  the  flight  tests  are  given  in  the  order  that  they  were  performed;  the  site 
was  first  checked  os  commissioned,  then  tested  under  various  perturbations,  and  then 
returned  to  normal. 

(6)  Gomparison  of  Near-Field  Monitor  Alarm  and  Values  with  Far-Field 
Observations.  Monitor  readings  were  recorded  for  each  test  flight.  These  reodingp  were 
useful  when  restoring  the  system  to  normal  and  also  provided  documentation  on  monitor 
response  to  certain  fault  conditions.  Snce  the  far-field  response  to  these  faults  was 
being  measured  in  the  air,  all  necessary  data  is  available  for  making  a  comparison  between 
the  near-field  monitor  response  and  the  observed  far-field  response. 

A  summary  of  the  near-field,  far-field  comparison  is  given  in  Table  11-36  which 
presents  the  alarm  indications  in  the  near  and  far  fields  for  various  fault  conditions.  The 
alarm  conditions  for  the  far  field  were  based  on  deviations  from  the  "normal"  (i.e., 
commissioned)  values  of  3.05®  path  angle  and  .63®  width. 

One  noticeable  phenomenon  that  can  be  seen  in  Table  11-36  is  the  lack  of 
symmetry  and  linearity  in  the  response  of  both  the  near  and  far-fields  to  the  various 
faults  (i.e.,  twice  the  phase  shift  does  not  double  the  alarm  response,  and  phase  ad¬ 
vances  and  retardations  of  equal  amounts  do  not  result  in  equal  alarm  indications). 

Such  behavior  is  indicative  of  sites  where  the  system  has  beei  phased  to  accommodate 
terrain  peculiarities.  Far-field  response  along  centerline  typically  has  greater  linearity 
and  symmetry  than  is  evident  in  Table  11-36  ;  however,  this  system  was  phased  to  not 
only  perfonn  acceptably  along  centerline  but  also  to  meet  specifications  along  the  west 
side  where  an  increased  sloping  of  the  terrain  required  system  phasing  that  deviated  from 
optimum  along  centerline. 
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Condition 


Normal 

SBO  de¬ 
creased 

Middle  +13“ 

Middle  -13® 

Middle +18® 

Middle  -18® 

Lower  +15® 

Lower  -^40® 

Lower  -16® 

Lower  -  6® 

Upper  +10® 

Upper  +40® 

Upper  -45® 

Upper  -17 

Middle  -.5dE 

Lower  -1.5dB 

Upper  -1  dB 


Monitor 

Response 


Alarm 

Alarm 
Alarm 
180%  Alarm 
180%  Alarm 
Alarm 
2  X  Alarm 
2  X  Alarm 
Alarm 
Alarm 
2  X  Alarm 
2  X  Alarm 
Alarm 
180%  Alarm 
Alarm 
85%  Alarm 


Width 

Structure 

Angle 

%  Alarm 
Angle 

Run 

# 

%  Alarm 
Angle 

.63 

1.93 

0% 

0®/o 

.87 

1.77 

5 

13-22 

120 

.81 

1.77 

5 

2-11 

90 

.65 

2.11 

15 

2-12 

10 

.93 

1.50 

25 

2-13 

100 

.68 

2.15 

10 

2-14 

25 

.66 

2.17 

15 

2-16 

15 

.98 

- 

20 

15-10 

175 

1. 15 

1.37 

65 

15-12 

260 

.80 

1.84 

25 

2-17 

85 

.74 

- 

35 

14-22 

55 

.70 

1.95 

120 

14-26 

35 

.69 

1.97 

65 

14-28 

30 

.71 

- 

55 

14-24 

40 

.77 

1.93 

5 

2-18 

70 

.68 

1.95 

20 

2-19 

25 

.71 

1.94 

65 

15-18 

40 

Table  11-36.  Far-Fleldond  Monitor  Response  to  Certain  Fault  Conditions 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11-382.  Approach  12-6,  Normal. 
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90  Hz.  GDI  (hA)  150  Hz. 

-.300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11-383.  Approach  12-7,  Normal 
11-549 


10,000  20,000  30,000 

Figure  11-389.  Approach  12-15,  Normal. 


n-557 


10,000  20,000  30,000 

Figure  11-391,  Approach  12-17,,  Normal. 


Approach  12-18,  Normal. 


Figure  11-393.  Approach  12-19,  East  Localizer  Edge. 
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10,000  20,000  30,000 

Figure  11-394.  Approach  12-20,  West  Localizer  Edge. 


90  Hz.  CDl  (hA)  150  Hz. 

“300  -200  -100  0  +100  +  200  +  300 


2. 

65 

3. 

35 

\ 

\ 

RPDBIRO  13-1 18« 
ANGL?  GDI 

^•0  196.7 

2.1  178.6 

2.2  152.5 

2.3  136.2 

2.4  122.1 

2.5  107.0 

2.6  87.2 

2.7  71.8 

2.8  49.4 

2.9  35.0 

3.0  10.0 

3.1  -15.0 

3.2  -39.0 

3.3  -57,0 

3*4  -75.0 

3.5  -94.6 

3.6  -113.1 

3.7  -137.7 

3.8  -156,8 

3.9  -178,3 
4.0  -200.0 

ff  4,1  -223.3 

4— (f - 1 - - 

\ '  -  -  -/o 

- - — ■  1 

2.0  3.0  4.0 


ELEVATION  ANGLE  (degrees) 

Rgure  1M01.  Approach  13-11,  Increasing  SBO. 
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r 


ELEVATION  ANGLE  (degrees) 
Rgure  11-402.  Approach  13-12,  8«  West. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


> 

2. 

• 

65 

3. 

35 

V 

m 

N 

R=0eiRD  13-130R 
ANGL£  COl 

2.0  73,9 

2.1  64.3 

2.2  57.4 

2.3  52.1 

2.4  42.0 

2.5  27.0 

2.6  16.0 

2.7  -1.0 

2.8  -14.0 

2.9  -36.0 

3.0  -53.0 

3.1  -74.0 

3.2  -94.6 

3.3  -111.9 

3.4  -124.6 

3.5  -140.5 

3.6  -162.3 

3.7  -178.3 

3.8  -208.3 

3.9  -234.4 

- - - : - 

e 

2.0  3.0  4.0 


ELEVATION  ANGLE  (degrees) 

Figure  11-403.  Approach  13-13,  8*  West. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  11-40&  Approach  13-15,  8*  West 
11-571 


90  Hz,  CDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  30C 


90  Hz.  GDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  11-407,  Approach  13-17,  Normal. 
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i 


i 


r 

2 


li> 


ELEVATION  ANGLE  (degrees) 

Figure  11'-408L  Approach  13-18,  Middle  Antenna  Phase  Retarded  15*. 
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ELEVATION  ANGLE  (degrees) 

Rgure  1V414  Approach  13-27,  Middle  Antenna  Phase  Retarded  11*. 
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ELEVATION  ANGLE  (degrees) 

Rgure  1M17,  Approach  14-2,  Normal. 


90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


2.65  3.35 


ELEVATION  ANGLE  (degrees) 
Rgure  1W18.  Approach  14-3,  8*  West. 
11-584 


90  Hz.  CDI  (mA)  150  Hz, 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 
Figure  1M20.  Approach  14-5,  8*  East. 
11-586 


90  Hz.  CDI(mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  11-421.  Approach  14-7,  SBO  Decreased  to  Brood  Alarm. 

11-587 


ELEVATION  ANGLE  (degrees) 

Figure  1M2Z  Approach  14-8,  SBO  Decreased  to  Brood  Alarm. 


90  Hz.  GDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  11-424  Approach  14-10,  SBO  Decreased  to  Broad  Alarm. 

11-590 


ELEVATION  ANGLE  (degrees) 

Rgure  11-4251  Approach  14-11 .  SBO  Decreased  to  Broad  Alarm. 
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OF 


AD> 


074426 


MICROCOPY  RESOLUTION  TEST  CHART 


ELEVATION  ANGLE  (degrees) 

Figure  1K42dk  Approach  14-12,  SBO  Decrecned  to  Brood  Alarm. 

11-592 


ELEVATION  ANGLE  (degrees) 

Rgure  1V-42&  Approach  14«11 .  SBO  Decreased  to  Broad  Alarm. 
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RE03IRD  14-158R 
ANGLE  CDI 
2.0  228.3 

2.1  201.7 

2.2  177.3 

2.3  1<>5.4 

2.4  126.4 

2.5  112.0 

2.6  92.0 

2.7  64.3 

2.8  40.0 

2.9  14.0 
3.0  -R.n 

3.1  -29.0 

3.2  -48.0 

3.3  -78.0 

3.4  -102.7 

3.5  -123.5 

3.6  -137.7 

3.7  -168.3 

3.8  -191.7 

3.9  -213.3 
4.0  -236.3 

4.1  -260 .6 

4.2  -270.3 


ELEVATION  ANGLE  (degrees) 

Rgurs  1K427.  Approach  14-15,  SBO  IncrooMd  to  Sharp  Alarm 

11-593 


90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


2.0  3.0  4.0 


ELEVATION  ANGLE  (degrees) 

Rgure  1M28.  Approach  14-18,  SBO  Phase  Retarded  30*. 
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90  Hz.  CDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  1W429.  Approach  14-19,  SBO  Phase  Advorreed  30*. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  1M30L  Approach  14-20,  Middle  Antenna  Phase  Advanced  8*. 

11-596 


90  Hz,  GDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  1V431.  Approach  14-21 ,  Middle  Antenna  Phase  Retarded  8*. 

11-597 


ELEVATION  ANGLE  (degrees) 
Rgure  1M3A  Approach  14-32,  Normal. 

11-600 


90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  1K43&  Approach  15-3,  Normal. 


11-601 


ELEVATION  ANGLE  (degrees) 

Rgure  11-43&  Approach  15-4,  Normal. 
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90  Hz.  CDI  (hA)  150  Hz. 

-200  -100  0  +100  +  200  +  300 


JBIS  PACT  IS  MST  OUALITY  PPACnCABIiI 


ELEVATION  ANGLE  (degrees) 

Figure  1K438.  Approach  15-6,  Lower  Antenna  Phase  Advanced  20*. 
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90  Hz.  CDI  (mA)  150  Hz. 

-300  -200  -100  0  MOO  +200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  IT-439.  Approoch  15-8,  Lower  Antenna  Phase  Retarded  6*. 
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ELEVATION  ANGLE  (degrees) 

Rgure  1V440.  Approach  15«10,  Lower  Antenna  Phase  Advanced  40*. 
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90  Hz.  CDI  (m^)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  1V441.  Approach  15-12,  Lower  Antenna  Phose  Retarded  16*. 
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90  Hz.  CDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Figure  1^44Z  Approach  15-14,  Middle  Antenna  Attenuated  1  dB. 

11-608 


ELEVATION  ANGLE  (degrees) 

Rgure  1>-443L  Approach  15-16,  Middle  AntenrKi  Attenuated  2  dB. 
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90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degrees) 

Rgure  11-444  Approach  15-18,  Upper  Antenna  Attenuated  1  dB. 
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90  Hz.  CDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +  200  +  300 


ELEVATION  ANGLE  (degrees) 

Rgure  1V44&  Approach  15-20,  Upper  Antenna  Attenuated  2  dB. 
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ELEVATION  ANGLE  (degrees) 
Figure  11-447.  Approach  15-26,  Normal. 
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2.0  3.0  4.0 


ELEVATION  ANGLE  (degrees) 

Rgijre  11-448.  Approach  15-27,  8*  West. 

11-614 

a 


2.65 


3.35 


ELEVATION  ANGLE  (degrees) 

Rgure  1V>449.  Approach  15-28,  8*  East. 
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Rgure  11-45CI  Approach  15-30,  SBO  Doubled. 
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ELEVATION  ANGLE  (degrees) 

Figure  1)-45Z  Approach  15-32,  Normal. 


10,000  20,000  30,000 

Rgure  11-453.  Approach  15-34,  Normal. 


Rgure  1^454L  Approach  15-35,  Normal. 


ELEVATION  ANGLE  (degrees) 
Rgure  11-455.  Approach  2-5,  Normal . 
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ELEVATION  ANGLE  (degrees) 
Rgure  11-45d.Approach  2-6,  Normal. 
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90  Hz. 

-300  -200  X  -100 


ELEVATION  ANGLE  (degrees) 

Rgure  1M57  Approach  2-8,  SBO  Reduced  to  Brood  Alarm 
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!j 


ELEVATION  ANGLE  (degrees) 

Figure  11-4601  Approach  2-11 ,  Middle  Anfenfxi  Phase  Advanced  13®. 
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ELEVATION  ANGLE  (degrees) 

Rgure  1V46Z  Approach  2-13/  Middle  Antenna  Phase  Advanced  18*. 
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90  Hz.  CDI  (hA)  150  Hz. 

-300  -200  -100  p  +100  +200  +300 


ELEVATION  ANGLE  (degrees) 

Figure  IMAApproach  2-14,  Lower  Anterma  Phase  Retarded  18*. 


ELEVATION  ANGLE  (degrees) 

Figure  1h464,  Approach  2-16,  Lower  Antenna  Phase  Advanced  15*. 
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ELEVATION  ANGLE  (degrees) 

Figure  11>465.  Approach  2-17,  Lower  Antenna  Attenuated  .5  dB 
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ELEVATION  ANGLE  (degrees) 

Figure  11-466.  Approach  2-18,  Middle  Antenna  Attenuated  .5  dB. 


ELEVATION  ANGLE  (degrees) 

Figure  1T*467.  Approach  2-19,  Lower  Antenna  Attenuated  1 .5  dB. 

.  n-633 


The  most  important  conclusion  that  can  be  drawn  from  Table  11-36  fs  thotfor 
all  fault  conditions,  the  near-field  monitor  indicated  on  alam  condition  before 
tolerance  limits  were  reached  in  the  far  field. 

5.  Documentary  Flight  Data  for  a  Gipture  Effect  Glide  Slope  System 
Operating  with  a  Two- Level  Ground  Plane. 

a.  Introduction .  The  terrain  involved  in  the  operation  of  the  0>lum- 
bus,  Ohio  10R  glide  slope  is  deceptively  smooth.  The  observer  looking  out  over  the 
1000  feet  of  abandoned  concrete  taxiway  on  which  the  system  is  sited  is  impressed 
with  the  smooth  area  of  the  concrete,  of  couise,  but  he  also  gets  the  impression  of  a 
very  smooth  grassy  area  beyond.  No  depressions  or  elevations  in  the  earth's  surface 
are  apparent.  The  topographic  chart  shown  in  Rgure  11-468  does  not  reveal  any 
major  terrain  features.  Nevertheless,  operation  of  a  null  reference  image  glide  slope 
is  seriously  affected.  A  capture  effect  system  is  required  and  gives  good  performance. 
This  was  learned  by  the  FAA  at  commissioning  and  confirmed  by  Ohio  University. 

Very  consistent  flight  records  were  obtained.  One  salient  feature  on  the 
Pattern  A  flyability  runs  obtained  using  the  radio  telemetering  reference  was  the  fly- 
down  characteristic  during  the  lost  2000  feet  before  the  threshold.  Although  the  taxi¬ 
way  serving  as  a  reflecting  zone  is  extrerrrely  flat,  the  irvfield  area  between  the  taxi- 
way  and  runway  is  depressed  some  4  feet.  As  the  Fresnel  zone  migrates  to  serve  the 
aircraft  near  the  threshold,  much  of  the  reflected  energy  is  coming  from  this  lower 
ground  and  this  readily  accounts  for  the  steadily  decreasing  path  angle. 


This  investigation  emphasizes  the  far  field  signal  response  to  specific  fault  con¬ 
ditions  and  the  corresponding  responses  of  the  monitors.  Changes  in  amplitudes  and  phases 
of  the  signals  to  each  of  the  three  transmitting  antennas,  sideband  power,  carrier  to 
sideband  phasing,  and  modulation  balance  were  introduced  and  system  responses 
measured.  Additionally,  the  performance  of  the  null  reference  configuration  was 
observed . 


For  ground-based  measurements  the  standard  portable  mast  with  a  dipole  which 
could  be  raised  and  lowered  was  set  at  the  360°  monitor  point.  This  provided  addi¬ 
tional  data  on  path  characteristics  and  monitor  responses.  These  data  together  with 
monitor  data  are  compared  with  the  measured  far-field  indications. 

b.  Equipment.  The  Port  Columbus  capture  effect  glide  slope  is  a 
commissioned  foci lity  employing  a  TU-4  transmitter  on  330.5  MHz.  The  power  outputs 
as  measured  by  the  APCU  built-in  wattmeter  were  os  follows: 


CSB 

SBO 

Clearance 
Upper  Antenna 
Middle  Antenna 
Lower  Antenna 


8.9  Watts 
.16  Watt 
.91  Watt 
.11  Watt 
.83  Watt 
2.83  Watts 


Figure  11-468.  Topographic  Map  of  Columbus  10  R  Glide  Slope  Area. 


The  ♦  ansmltting  antennas  are  Antenna  Products  G>rporation  FA-8976,  three 
element,  co- linear  arrays  which  are  fed  using  RG-214  coaxial  cable.  These  antennas 
are  mounted  on  the  heavy  standard  metal  glide  slope  mast.  Sightings  by  theodolite 
indicate  that  the  antennas  are  properly  aligned  vertically  and  angularly.  The  heights 
of  the  antennas  os  measured  from  the  cement  base  of  the  mast  are  given  below  along 
with  the  offsets; 


Antenna  Height  Offset 

13*  3  1/2”  7" 

27*  3"  0 

41'  1"  15" 


In  order  to  determine  what  signals  were  being  radiated  from  each  antenna,  probe 
measurements  were  taken  with  a  jig-mounted  probe  and  a  Hewlett-Packard  vector  volt¬ 
meter. 

For  aircraft  positions  greater  than  20,000  feet  from  threshold,  the  first  Fresnel 
zone  is  centered  approximately  1 ,000  feet  from  the  antenna  mast  and  is  1700  feet 
long.  With  reference  to  Rgure  11-469  first  Fresnel  zone  Is  found  to  be  along  the 
terrain  discontinuity.  Evidence  of  such  a  discontinuity  seen  on  flight  recordings  will 
be  discussed  later  in  this  section. 

As  the  aircraft  moves  closer  to  threshold,  the  Fresnel  zone  center  moves 
in  toward  the  transmitting  antennas  and  migrates  toward  the  runway.  The  glide  slope 
path  therefore  becomes  affected  by  a  four-foot  deep  drainage  ditch  that  is  between 
the  glide  slope  and  the  runway  threshold.  This  ditch  is  evident  in  Figure  11-468. 

This  drainage  ditch  Is  clearly  responsible  for  the  major  degradation  of  the  path  structure 
near  threshold.  Except  for  a  chain  link  fence  150  feet  south  of  the  glide  slope  array 
there  were  no  structures  in  the  vicinity  of  the  glide  slope  to  cause  multipath  problems. 

c.  Procedures  for  Probe  Measurement-Taking  on  CEGS  Systems. 

1 .  Turn  off  clearance  transmitter  and  dummy  sidebands. 

2.  Connect  the  vector  volt-meter  (WM)  reference  input  to  the  monitor 
port  of  the  middle  antenna. 

3.  Attach  the  probe  jig  (which  is  connected  to  the  "B"  input  of  the  WM) 
to  the  center  element  of  the  middle  antenrxi;  note  the  amplitudes  of  the 
reference  and  ".B"  signals-set  phase  to  zero  by  adjusting  the  trombone 
phase  shifter. 

4.  Move  the  probe  to  the  lower  antenna,  center  element,  and  note  phase 
and  amplitude. 
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5.  At  the  APCU,  insert  the  CSB  signal  into  the  SBO  input. 

6.  Place  the  probe  on  the  center  element  of  the  middle  antenna,  note 
the  amplitude  of  the  reference  and  “B"  inputs,  and  zero  the  phase. 

7.  Measure  both  center  and  outer  elemeets  of  all  other  antennas  and 
note  the  measured  phase  and  amplitude. 

8.  Move  the  reference  input  from  the  middle  antenna  monitor  port  to 
the  upper  antenna  monitor  port;  probe  the  center  element  of  the  upper 
antenna  noting  phase  and  amplitude. 

9.  Connect  the  reference  input  to  the  lower  antenna  monitor  port:  probe 
the  center  element  of  the  lower  antenna  noting  phase  and  amplitudes. 

10.  Dummy  the  carrier  and  connect  the  SBO  to  the  SBO  input.  Measure 
the  amplitude  of  the  center  element  of  the  middle  antenna  (the  phase 
need  not  be  measured . 

The  A  ratio  can  be  determined  by: 


SBO  (middle  antenna) 


t 

where  M  is 
a  sideband  signal 

.4  typically  and  .8  is  a  correction  factor  that  is  used  when  measuring 
with  a  vector  voltmeter. 

CSB  only 

Middle  antenna 

amplitude 

-19.8, 

phase  0** 

Lower  antenna 

amplitude 

-14.6, 

phase  178.3® 

CSB  into  SBO  input 

Middle  antenna 

(center  element) 

-15.6 

0® 

II  II 

(runway  element) 

-14.8 

24® 

If  II 

(outer  element) 

-15.6 

27® 

Upper  antenna 

(center  element) 

-20.8 

180® 

II  II 

(runway  element) 

-21.0 

-158® 

•1  II 

(outer  element) 

-21 .0 

-156® 

Lower  antenna 

(middle  element) 

-21.5 

174® 

II  II 

(runway  element) 

-21.5 

-148® 

•I  II 

(outer  element) 

-20.5 

-154® 
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SBO  into  SBO  input 

Middle  antenna,  center  element  amplitude  -33.0 

The  values  presented  above  give  complete  information  as  to  what  signals  were 
being  radiated  at  the  time  the  measurements  were  taken.  The  pertinent  data  is  con¬ 
tain^  in  the  individual  element  meosuremenh;  the  monitor  port  readings  were  taken 
in  Older  to  establish  a  relationship  between  the  actual  radiated  signal  and  the  monitor 
port  ou^t. 

The  need  to  measure  all  three  elements  of  the  FA-8976  antenna  is  due  to  the 
fact  that  the  radiated  signal  from  the  antenna  is  a  composite  of  the  signals  from  each 
of  the  elements.  The  equation  describing  this  relationship  is  as  follows: 

F(0)  =  I2  +  1^  e’^^  +  i^e  ®  cos  (it/2  sin  9)/cos  6 

where  l^,  {2/  and  1^  ore  the  complex  element  currents. 

For  this  study,  the  radiated  currents  along  centerline  are  the  parameters  of 
interest  (i .e,,  0  =  0): 

F(0)  =  I2  +  I,  +  I3 

The  radiated  signal  along  centerline  is  the  sum  of  the  individual  element 
currents.  This  sum  has  been  computed  above  and  is  denoted  as  the  effective  radiated 
current.  Taking  the  above  into  consideration,  the  system  output  relationships  can 
be  given  by  the  following  table: 


Antcnno 

CSB 

SBO 

Magnitude 

Phase 

Magnitude 

Phase 

Upper 

0.0 

.53 

178® 

Middle 

.55 

0® 

1.00 

0® 

Lower 

1.0 

178.3® 

.51 

184.2® 

Table  11-37.  System  Outputs,  Columbus  10R. 
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d.  Terroin  and  Site  Peculiarities.  The  terrain  profile  for  Port  G>lumbus 
Runway  10R  along  centerline  is  shown  in  Rgure  11-469  .  As  seen  in  Figure  11-469, 

the  ground  slopes  upward  with  approximately  a  0.3%  grade  for  1200  feet  in  front  of 
the  runway  surface.  Past  1200  feet,  the  ground  elevation  abruptly  increases  about 
4  feet  and  continues  to  slope  upward  for  a  short  distance  thereafter.  The  terrqin 
beyond  that  which  is  shown  in  Rgure  11-469  is  basically  flat. 

In  Older  to  describe  the  effects  of  this  terrain  on  glide  slope  performance,  refers 
ence  will  be  made  to  the  FresneM  ^  ^  zone  locations.  These  bring  the  areas  on  the 
ground  of  principal  interest  for  reflections  which  serve  the  image  system.  The  size  of 
the  elliptical  Fresneizones  decreases  rapidly  and  the  center  moves  closer  to  the 
antennas  as  the  aircraft  approaches  threshold. 

e.  Data  Processing.  Information  from  flight  recordings  was  digitized 
and  stored  in  the  Ohio  University  IBM  Model  370  computer.  This  data  was  later  plotted 
by  a  Hewlett-Packard  Model  7203A  digital  plotter  under  software  control  of  a  computer 
program  written  specifically  for  this  application.  A  side-by-side  comparison  of  these 
graphs  and  the  original  flight  recordings  has  been  performed  to  insure  accuracy  in 
reproduction. 


f.  Documentory  Data.  The  data  presented  on  the  following  graphs 
represent  the  pertinent  flight-test  results  for  the  Port  G>lumbus,  Runway  lOR,  glide 
slope  facility.  These  graphs  present  three  particular  groups  of  data,  viz,  (1)  ground 
data  taken  with  a  portable  mast  and  portable  ILS  receiver  at  the  360^  proximity  point 
for  the  capture  effect  glide  slope  (CEGS),  (2)  flight  data  from  a  perturbation  study 
on  the  CEGS,  and  (3)  flight  data  from  the  system  configured  os  a  null-reference, 
glide  slope. 

One  of  two  graph  formats  has  been  used  to  plot  the  data.  One  format  gives  the 
course  deviation  indicator  (CDI)  current  in  microamperes  venus  elevation  angle;  the 
other  presents  CDI  versus  distance  from  the  runway  threshold.  The  CD!  versus  eleva¬ 
tion  angle  format  is  used  for  plotting  ground  data  and  data  from  Pattern  B,  level  flight 
along  centerline.  The  ±75  microamperes  and  ±.35* reference  lines  on  the  level  flight 
formats  are  for  comparing  against  ideal  glide  path  characteristics,  i.e.,  0  microamperes 
at  3.00*,  ±75  microamps  at  3.00  +  .35*.  CDI  versus  distance  from  threshold  formats 
are  used  for  Pattern  A  normal  approach. 

The  ground  data  was  taken  with  the  portable  mast  with  a  variablerheight  probe 
at  the  360*  proximity  point  of  the  upper-lower  antennas  and  measuring  the  CDI  value 
for  varying  probe  heights.  Data  points  were  taken  every  on^half  foot  for  probe 
elevations  from  4  feet  to  13  feet.  These  were  accomplished  for  every  perturbation  of 
the  system.  These  data  points  were  input  to  a  computer  program  that  converted 
elevation  height  to  elevation  angle. 

Flight  test  results  from  the  CEGS  show  no  major  terrain  effects  except  for  a 
depression  in  the  path  structure  near  threshold  due  to  the  drainage  ditch  between  the 
glide  slope  antennas  and  the  runway.  (See  Rgure  11-49$. 
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The  null  reference  system,  however,  shows  pronounced  effects  due  to  terrain 
for  aircraft  locations  on  path  at  a  distance  greater  than  25,000  feet.  (See  Rg- 
uie  11-496).  As  stated  in  the  section  on  terrain,  this  aircraft  position  corresponds  to 
a  Fresnel  zone  on  the  terrain  discontinuity.  Also,  the  null  reference  shows  a 
noticeable  path  angle  depression  near  the  threshold. 

The  lun  number  on  each  plot  (e.g.,  19-3BC)  indicates  the  day  of  the  month  of 
the  test  (19),  run  number  that  day  (3),  the  type  of  flight  pattern  (e.g.,  A  or  B),  and 
the  initial  of  the  theodolite  operator  (C). 

The  graphs  of  Rgures  11-470  through  11-520  present  three  separate  sets  of  data; 
(1)  flight  records  from  the  Port  Columbus  facility  operating  normally  and  with  pertur¬ 
bations  are  shown  in  Figures  11-470  through  11-494,  (2)  system  response  above  and 
below  the  360°  proximity  point  corresponding  to  the  flight  records  of  (1)  above  are 
given  in  Figures  11-501  through  11-520  ,  and  (3)  Figures  11-496  through  11-500  show 
system  performance  when  configured  as  a  null- reference  system. 

g.  Comparison  of  Neai-Field  Alarm  Values  and  Observed  Far-Reld 
Response.  In  addition  to  the  flight  data,  documentation  on  integral  width  monitor 
response  and  complete  response  at  the  360°  proximity  point  were  recorded.  Measure¬ 
ments  above  and  below  the  360°  proximity  point  were  taken  with  a  portable  mast 
pnoviding  COI  venus  elevation  angle  values  which  enabled  path  arx)  width  angles  to 
be  determined,  in  conventional  capture-effect  operation,  only  the  path  angle  is 
monitored  at  the  360°  proximity  point;  the  ddditional  width  information  is  preservted 
here  in  order  that  a  better  understanding  of  portable  mast  measurements  will  be 
afforded . 

Tabular  data  from  the  integral  monitor,  the  360°  proximity  point  response,  and 
the  far-field  response  are  presented  in  Table  11-38,  and  a  graphical  presentation  of 
this  data  is  given  in  Rgure  1V520  .  The  percent  alarm  limits  in  Figure  11-520  are  for 
width  limits  for  perturbations  in  the  middle  and  lower  antennas,  and  the  path  angle 
limits  for  perturbations  in  the  upper  antenna.  These  criteria  yield  the  higher  percent¬ 
age  of  the  two  possible  alarm  indications.  Values  of  greater  than  200%  alarm  for  the 
360°  proximity  point  are  found  when  width  measurements  show  that  the  CDI  trace  does 
not  exceed  ±75  microamperes. 

The  integral  width  monitor  was  capable  of  responding  to  all  fault  conditions  that 
affected  path  width  os  can  be  seen  in  Rgure  11-520.  As  expected,  some  perturba¬ 
tions  affecting  path-only  were  not  seen  by  the  integral  width  monitor. 

Initial  perturbations  introduced  into  the  upper  antenna  did  not  result  in  adequate 
response  at  the  360°  proximity  point  indicating  a  masking  effect  caused  by  excessive 
clearance  transmitter  power.  As  seen  in  Rgure  11-520^  proper  response  was  achieved 
after  the  clearance  transmitter  power  was  reduced.  Also  seen  in  Figure  11^0  is  that 
changes  in  the  far-field  path  width  are  not  accompanied  by  on  equivalent  path-width 
change  os  measured  at  the  360°  proximity  point.  This  result  clearly  irtdicates  that 
portable  most  measurements  at  the  360°  proximity  point  cannot  be  used  to  document 
or  verify  total  capture-effect  system  performance. 
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Table  11-38.  Par-Field  Respcxise 


Data  taken  on  the  Port  Columbus  Runway  10R  glide  slope  indicate  that  con¬ 
ventional  capture-effect  monitoring  (i  .e.,  integral  width  monitoring  and  path 
monitoring  at  360”  proximity  point)  is  adequate  to  detect  all  fault  conditions  that 
may  appear  in  the  far  field  if  the  system  is  initially  set  up  correctly.  Masking 
of  upper  antenna  faults  due  to  excessive  clearance  transmitter  power  is  an  example 
of  incorrect  setup.  At  the  discretion  of  FAA  Maintenance  Personnel,  the  Port 
Columbus  facility  was  left  with  the  clearance  power  reduced. 


90  Hz.  GDI  (hA)  150  Hz. 

-300  -200  -100  0  +100  +200  *  +300 


2.0  3.0 


ELEVATION  ANGLE  (degrees) 
Figure  1V470l  Approach  19-4BC,  Normal. 
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-75 


2.0 


3.0 


4.0 


ELLVATION  ANGLE  (degrees) 

Figure  11.-471.  Approach  19-6BC/  S60  Decreased  to  Broad  Alarm. 
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90  Hz.  CDI(mA)  150  Mz. 

-300  -200  -100  p  +100  +200  +300 


ELEVATION  ANGLE  (degrees) 

Figure  11-472.  Approach  19-8BC,  Middle  Antenna  Phase  Retarded  15*. 
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Figure  1W7A  Approach  19-10BC,  fiddle  Antenna  PhoM  Advanced  15*. 
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90  Hz,  CD!  (mA)  150  Hz. 

-.300  -200  -100  0  +100  ■  +200  +300 
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ELEVATION  ANGLE  (degrees) 

Figure  1V475.  Approach  19-1 IBC,  Middle  Antanno  Phase  Advanced  15®, 
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90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degrees) 

Figure  11-476.  Approach  19-13BC/  Normal,  Without  Clearance. 
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90  Hz. 

-300  -200  -100 


ELEVATION  ANGLE  (degrees) 

Figure  1M77  Approach  19-2)BCf  2BO  Phase  Advartced  30*. 
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ELEVATION  ANGLE  (degrees) 

Figure  1M79.  Approach  19-23BC,  Middle  Antenna  Phase  Retarded  13*. 
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Figure  11-4601  Approach  19-246C,  Middle  Antenna  Phene  Advanced  8*. 
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Figure  11-481.  Approoch  19-25BC,  Middle  Aintenna  PhoM  Retarded  18*. 
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Approach  19-26BC,  Middle  Antertno  Phase  Advanced  24*. 
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Figure  1M83L  Approach  19-27BCr  Lower  Antenna  Phase  Retarded  14*. 
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Figure  11^48A  Approach  19-28BC,  Lower  Antenna  Phase  Advanced  10**. 
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Figure  11-487.  Approach  19-35BC,  Upper  Antenna  Phase  Advanced  60* 
and  3  dB  Attenuation  In  Clearance. 
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Figure  11-489.  Approach  19-38BC,  Upper  AntenrKi  Attenuated  5  dB. 
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Figure  11-490.  Approach  19-39BC,  Upper  Antenna  Attenuated  10  dB. 
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Figure  1M91.  Approach  19-41BC,  Middle  Antenna  Attenuated  2  dB. 


11-665 


,IS  PAOS  IS  Sisi  PiUCtisABiil 

&■  eOr^  roi®c 


ELEVATION  ANGLE  (degrees) 

Figure  11-492.  Approach  19-43BC,  Middle  Antenna  Attenuated  3  dB. 
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Figure  1M93L  Approach  I9-446C/  Lower  Antenna  Attenuated  2  dB. 
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Figure  1V49A  Approach  19-45BC,  Lower  ^terino  Attenuated  3  dB. 
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Figure  1V’496i  Approach  20-4BC,  Normal,  Null-Reference. 
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Elfwre  1V499.  Approach  2(^9BC,  Normal,  Aircraft  at  500*  AGL. 
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Figure  11-5001  Approach  20-1 3BC,  System  Restored  to  Normal  CEGS. 
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Figure  1^5QI.Loyrer  Antenna  Attenuated  3  dB  to  Greater  than  200%  Alarm. 
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FIgur*  11-50Z  Phai«  of  Lower  Antenna  Ad>ranoed  15  Degrees  to  Twice  Alarm. 
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Figure  1V*50£L  Sidebond/Girrier  Dephosing;  +30  Degrees. 
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Figure  11-5(ML  Phase  of  Middle  Antenna  Advanced  8  Degrees  to  Alarm. 
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Figure  1V507,  PhcM  of  Middle  Antenna  Advanced  24  Degrees  to  Twice  Alarm. 
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Figure  1^508.  Phase  of  Lower  Antenna  Retarded  14  Degrees  to  Alarm. 
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Figure  1V5101  Phase  of  Middle  Antenna  Retarded  13  Degrees  to  Alarm. 
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Figure  1^511.  Upper  Antenna  Retarded  50  Degrees  to  Alarm  (Clearance  Reduced  3  dB). 
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Figure  11-514.  Upper  Antenna  Attenuated  10  dB  to  133%  Alarm. 
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Figure  11-51&  Lov/er  Anfenna  Attenuated  2  dB  to  114%  Alarm 
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Figure  IV-SIT.  Middle  Antenna  Attenuated  2  dB  to  128%  Alarm. 
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Fi^re  1  ^518>  Phase  of  Upper  Antenna  Advanced  84  Degrees  to  Alarm. 


n-692 


>200  O  O  X  O  O  I  =Far-Field 

X  =  Integral  Monitor 

_  ..  ..  O  “  360®  Monitor 


>.  is 

»»Hd  +  y  fc  o  8 

l&i 

u 


uo!4Dnue44v^ 


iJOi4onua44y 


»»4d  - 


■£ 


»«>Hd  Jy 


S. 


uoi4Dnuat4V 
uoi4onue44y 
asDiw  - 
esDHd  - 
»»Md  + 


■B 

T) 


5 


»»»«  Jy 


uoi4onue44yN 


uoi4onua44y 
asD^d  - 
•soijd  - 
®»Hd  + 


I 

w 

I 


®«>Md  Jy 


4iuin  uuo|y  % 


Figure  11-520.  Comparison  of  Monitor  Response  to  Measured 
Far-Fieid  Response. 


J.  Meosurement  cwd  Monitoring  of  Glide  Slope  Antennca. 

1 .  Introducrion,  This  secHon  discusses  fhe  measurement  and  monitoring  of  the 
phase  and  amplitude  of  signals  radiated  from  ILS  glide  slope  antennas.  Measurement 
is  considered  to  be  the  process  of  determining  the  relative  phase  and  amplitude  of  the 
signals  radiated  from  each  antenna;  monitoring  refers  to  signal  sampling  to  allow  monitor¬ 
ing  of  the  glide  slope. 

Measurement  of  the  radiated  signals  provides  documentation  of  system  performance 
when  the  antenna  positions/  ground  plane,  and  transmitter  modulation  are  known. 

These  measurements  may  be  taken  with  a  hand-held  probe  and  a  vector  voltmeter. 

A  probe  jig  for  positioning  the  probe  has  been  designed.  Measurements  taken  with  a 
jig-held  probe  are  shown  to  be  significantly  more  accurate  than  those  taken  with  a 
hand-held  probe. 

The  function  of  integral  monitoring  is  to  predict  far-field  path  characteristics 
based  on  voltages  from  the  monitor  port  of  each  ILS  antenna.  In  an  ideal  system, 
these  voltages  at  the  antenna  monitor  ports  represent  an  exact  analog  of  the  antenna 
currents  end  thus  the  signals  radiated  by  thot  antenna.  The  relationship  between  the 
monitor  port  output  and  the  radiated  signal  for  typical  glide  slope  antennas,  end  the 
impact  of  non-ideal  performance  on  monitoring  integrity  is  discussed  in  the  following 
sections. 

In  order  to  estimate  the  accuracy  with  which  the  phase  and  amplitude  of  signals 
radiated  by  glide  slope  antennas  must  be  measured  to  predict  glide  path  characteristics, 
a  perturbational  study  was  performed  on  a  computer  model  that  simulates  a  capture- 
effect  system  operating  on  flat  terrain.  The  results  of  this  study  establish  the  relation¬ 
ship  between  a  small  variation  in  the  antenna  currents  which  relates  to  measurement 
error,  and  the  resultant  change  in  the  far-field  path.  Given  this  relationship,  the 
accuracy  with  which  the  far-field  path  characteristics  can  be  predicted  is  determined. 

The  contemporary  glide  slope  transmitting  antenna  typified  by  the  Antenna 
Products  Company  FA-8976  represents  a  considerably  more  complex  antenna  than  the 
bent  dipole  used  in  the  post.  This  multi-element  antenna,  or  antenna  array,  con¬ 
sists  of  three  dipole  elements  backed  by  a  comer  reflector.  The  monitor  voltage  for 
such  an  antenna  is  generated  by  combining  sample  signals  from  each  array  element. 

This  monitor  port  voltage  represents  only  the  signal  radiated  at  one  azimuth,  usually 
the  antenna  centerline,  thus  suggesting  that  a  fault  condition  could  conceivably  exist 
in  the  antenna  that  would  not  be  evident  at  the  monitor  port. 

2.  Re lotionship  Between  Rodioted  Signol  ond  Monitor  Port  Output.  The 
distinction  will  be  made  between  ILS  system  mmitoring  and  the  measurement  of 
signals  radiated  from  a  glide  slope  oftenna.  Meosurement  can  be  accomplished  via 
the  monitor  port  if  there  is  a  known  relationship  between  the  monitor  port  voltage  and 
the  radiated  signal.  Effective  monitoring  can  be  performed  only  if  a  change  in  the 
radiated  signal  can  be  identified  by  on  analogous  change  in  the  monitor  port  voltage. 
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Single  and  mo  I H -element  antennas  ore  addressed  separately  since  they  represent 
separate  antenna  types  with  different  factors  affecting  the  monitoring  and  measurement 
process.  Specimen  antennas  on  which  experiments  were  performed  were  the  Meridion 
4360  single-element  antenna,  and  the  Antenna  Products  Company  FA-8976  multi¬ 
element  antenna  array. 

a,  Single-Element  Antennas.  The  Meridian  4360  glide  slope  antenna 
is  a  single-element  antenna  with  a  radiator  that  is  fed  through  a  directional  coupler. 

The  incident  port  of  this  coupler  yields  an  analog  of  the  forward  signal  to  the  antenna, 
while  the  reflected  port  of  the  coupler  is  an  analog  of  the  signal  reflected  by  the 
antenna.  Under  ideal  circumstances,  the  antenna  would  be  matched  to  the  trans¬ 
mission  line  and  to  free  space.  In  this  instance,  no  power  would  be  reflected  by 

the  radiating  element  and  the  total  radioted  signal  would  be  represented  by  the 
voltage  at  the  incident  port  of  the  directional  coupler.  Uhder  less-ideal  cir¬ 
cumstances,  on  impedance  mismatch  exists  that  causes  some  of  the  signal  sent  to 
the  antenna  to  be  reflected  back  into  the  transmission  line;  in  this  cose,  the  incident 
port  would  no  longer  provide  an  analog  of  the  radiated  signal.  Clearly,  the  incident 
port  of  this  antenna  will  provide  useful  monitoring  Information  only  when  the  re¬ 
flected  port  voltage  indicates  that  the  radiating  element  is  matched  to  both  the 
transmission  line  and  to  space.  Experimental  results  obtained  with  the  Meridian 
antenna  indicate  that  the  incident  port  does  provide  an  acceptable  analog  of  the 
radiated  signal  when  the  standing  wove  ratio  (^R),  as  determined  by  the  incident 
end  reflected  ports,  is  below  1.1.  For  SWR's  below  that  value,  the  incident  port 
was  shown  to  provide  an  analog  of  the  radiated  signal  within  the  measurement  accuracy 
of  a  jig-held  probe  that  was  used  to  evaluate  the  monitor  port  performance. 

Four  Meridian  4360  glide  slope  antennas  were  evaluated  in  this  study.  A 
side-by-side  comparison  of  these  antennas  shows  that  the  relationship  between  the 
incident  port  output  and  the  radiated  signal  was  consistent  from  antenna  to  antenna 
as  measured  by  a  jig-held  probe;  the  SWR  for  these  measurements  was  below  1.1. 

Such  consistency  can  permit  phase  and  amplitude  measurements  of  the  radiated  signal 
to  be  made  via  the  incident  port  when  the  ^R  Is  determined  to  be  sufficiently  low. 

b.  Multi-Element  Antennas.  The  Antenna  Prockjcts  FA-8976  glide  slope 
antenna  is  a  three-element  colinear  antenna  array.  The  advantage  of  using  multi¬ 
element  antennas  os  opposed  to  single-element  antennas  is,  of  course,  that  greater 
directivity  con  be  achieved  in  the  radiation  pattern  with  the  multi-element  type. 
Monitoring  is  accomplished  by  combining  equal  signal  samples  from  each  array  element 
to  generate  a  single  output  voltage  that  is  intended  to  be  an  analog  of  the  composite 
signal  radiated  by  the  array.  Sampling  the  radiated  signal  in  this  manner,  however, 
provides  informoHon  about  the  radiated  signal  only  at  one  azimuth;  this  azimuth,  which 
cannot  be  discerned  from  the  monitor  port  output,  corresponds  to  the  azimuth  where 
signals  from  each  array  element  odd  in  the  for  field  with  the  some  amplitude  and  phase 
relationship  with  whi^  they  are  summed  in  the  combining  network  providing  the  monitor 
port  signal.  This  azimuth  is  typically  along  the  antenna  boresight  since  the  signals 
from  each  element  ore  summed  with  equal  phase  to  generate  the  monitor  signal.  The 
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monitor,  then,  observes  only  one  particular  azimuth,  and  there  could  conceivably  exist 
on  ouNof-toleronce  condition  at  some  other  azimuth.  For  example,  if  the  feed  lines 
of  Nvo  of  the  elements  were  interchanged,  the  monitor  port  output  would  remain  un¬ 
changed  since  the  combination  of  signals  from  the  individual  elements  would  not  be 
changed;  the  composite  radiated  signal,  however,  might  change  considerably  depend¬ 
ing  upon  the  phase  and  amplitude  relationship  of  the  feed  lines  interchanged.  Al¬ 
though  this  example  is  not  likely  to  occur,  it  does  bear  out  the  foct  that  a  fault 
condition  can  occur  in  the  far  field  that  is  not  evident  at  the  monitor  port. 

Experimental  data  was  taken  on  11  FA-8976  glide  slope  antennas  to  determine 
the  relationship  that  exists  between  the  monitor  port  output  and  the  radiated  signal. 

This  relationship  was  determined  by  feeding  a  known  signal  to  each  antenna  and 
determining  the  difference  in  phase  and  amplitude  between  the  radiated  signal  (os 
determined  by  a  jig-held  probe)  and  the  signal  at  the  monitor  port.  The  results  of 
this  experiment  reveal  that  the  relationship  between  monitor  port  output  and  radiated 
signal  differs  considerably  (greater  than  4  dB  in  amplitude  and  10°  in  phase)  from 
antenna  to  antenna.  This  inconsistency  in  the  relationship  between  radiated  signal 
and  monitor  port  output  does  not  necessarily  indicate  a  deficiency  in  monitoring 
capability  since  effective  monitoring  can  be  performed  as  long  as  changes  in  the 
radiated  signal  are  appropriately  reflected  in  the  monitor  port  output. 

Since  the  monitor  port  output  does  not  provide  on  exact  analog  of  the  signal 
radiated,  and  the  relationship  between  the  radiated  signal  and  the  monitor  output 
diffen  from  antenna  to  antenna,  it  is  undesirable  to  employ  the  monitor  port  of  a 
multi-element  anterma  to  determine  the  phase  or  amplitude  signals  radiated  by  on 
antenna.  Rather,  probe  measurement  techniques,  such  as  the  ones  presented  later 
in  this  section,  should  be  employed. 

3.  Recommended  Measurement  Techniques.  The  equipment  required  to  per¬ 
form  the  probe  measurements  is  as  follows:  1  -  VVM  (Hewlett-Packard  8405A  or  equi¬ 
valent),  1-current  induction  probe,  2-50  ohm  dummy  loads,  2-50  ohm  coaxial 
cables  of  equal  length  that  are  long  enough  to  reach  from  the  WM  to  the  most  distant 
antenna,  1-50  ohm  phase  shifter,  2-50  Qtee  connectors  (H.P.  11536A  or  equi¬ 
valent),  otkI  1  -  50  Opower  splitter  (H.  P.  11549A  or  equivalent).  Most  of  these 
items  require  N-type  cable  fittings. 

The  first  procedure  that  must  be  performed  before  taking  probe  measurements  is 
to  adjust  zero  phase  on  the  VVM.  This  is  accomplished  by  feeding  the  A  and  B  channels 
of  the  WM  with  the  some  signal  and  adjusting  the  "zero"  knob  of  the  WM.  This  is 
done  by  connecting  both  tee  connectors  to  the  outputs  of  the  power  splitter  and  dummy¬ 
ing  the  outputs  of  the  tee  connectors.  When  the  power  divider  input  is  fed  with  a 
signal  at  the  glide  slope  frequency,  this  signal  will  be  fed  to  both  tee  connectors  in 
phase  at  the  some  amplitude;  o  cable  connected  to  the  middle  antenna  monitor  port 
has  proven  to  be  a  convenient  signal  source  for  feeding  the  power  splitter.  With  the 
WM  connected  os  described  above,  zero  degrees  phase  shift  should  be  read  on  the 
phose  meter  with  the  "phase  offset"  knob  on  zero;  adjustments  to  attain  a  zero  degree 
readings  should  be  made  with  the  "zero"  knob.  The  voltage  readings  on  channels  A 
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and  B  should  also  be  checked  to  insure  that  the/  are  of  the  same  magnitude;  small 
differences  between  the  channels  (.2  dB)  are  not  uncommon  and  will  not  affect  the 
measurements.  If  larger  differences  are  seen,  the  WM  probes  should  be  interchanged 
in  the  tee  connectors;  if  the  difference  between  the  channels  remains  the  same,  it  is 
recommended  that  the  VVM  be  calibrated,as  the  problem  is  with  the  WM  and  not  the 
tee  connectors  or  the  power  splitter. 

Figure  11-521  depicts  the  suggested  configuration  for  making  antenna  probe 
measurements.  Once  the  configuration  of  Figure  11-521  is  completed,  the  measure¬ 
ments  con  be  taken  by  using  the  following  procedure:  (1)  turn  on  the  tronsmitter:  for 
antenna  diagnostics,  only  the  frequency  of  the  transmitted  signal  is  of  importance  (a 
signal  generator  at  the  proper  frequency  will  suffice).  In  order  to  measure  CSB  or 
SBO  ratios,  transmit  only  the  signal  of  interest.  (2)  Connect  the  cable  from  the  "A", 
or  reference  port  of  the  VVM  to  the  monitor  port  of  the  lower  antenna  and  mount  the 
probe  in  front  of  the  center  element  of  the  lower  ontenna  (see  Figure  11-522).  The 
probe  is  connected  to  the  "B"  input  of  the  VVM.  Zero  the  WM  phase  meter  with 
the  "phase  offset"  knob  set  at  zero  by  adjusting  the  phase  shifter.  Note  the  signal 
amplitude  in  millivolts  on  the  "RMS  VOLTS"  scale  of  the  WM.  (3)  Without  removing 
the  cable  from  the  monitor  port  (since  all  measurements  are  being  made  with  respect 
to  the  lower  antenna,  the  monitor  port  output  will  be  Hie  reference  for  the  entire 
test),  move  the  probe  to  the  other  elements  of  the  antenna  and  note  their  phase  and 
amplitude  values.  As  an  accuracy  check,  place  the  probe  on  the  center  element  agair 
to  be  sure  that  the  phase  and  amplitude  has  not  drifted  from  the  values  read  previously. 
If  drifting  has  occurred,  reset  zero  and  go  through  the  procedure  again.  (4)  Measure 
and  note  the  parameters  of  each  of  the  elements  of  the  remaining  antennas.  Again, 
after  all  other  measurements  are  taken,  recheck  the  phase  and  amplitude  of  the  center 
elements  of  the  lower  antenna  to  insure  that  no  drifting  has  occurred.  If  drifting  has 
occurred,  the  entire  procedure  must  be  performed  ogain. 

By  performing  the  above  procedure,  the  relative  output  of  all  of  the  antenna 
currents  can  be  specified. 

4.  Hand-Held  Probe  Performance.  Hand-held  probes  have  been  and  are 
presently  used  to  determine  quantitatively  the  values  of  signals  being  radiated  from  an 
antenna. 

The  probes  used  for  this  study  are  magnetic  induction  probes  that  sample  the 
magnetic,  as  opposed  to  electric,  field  near  a  radiator  (such  probes  are  depicted 
pictorally  in  Figure  11-523,  and  schematically  In  Figure  11-524).  These  probes 
are  constructed  with  1/8  inch  outer  diameter  semi-rigid  50  O copper- jacketed  coaxial 
cable,  although  any  small,  semi-rigid  coaxial  cable  will  be  adequate.  The  constraint 
on  the  cable  size  Is  that  it  be  several  orders  of  magnitude  less  than  the  wavelength  so 
that  the  probe  will  have  a  minimal  effect  on  the  fields  being  measured. 

As  seen  In  Figure  11-524,  there  is  a  short  length  of  exposed  center  conductor 
on  the  probe.  It  is  across  this  gap  that  a  pxitential  is  created,  according  to  Faraday's 
Low,  due  to  fields  in  the  vicinity  of  the  probe.  This  induced  voltage  represents  on 
analog  of  currents  on  the  radiating  element,^  ^  ^  and  this  element  current  is  representa¬ 
tive  of  the  radiated  signal. 
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Figure  11-521.  Configuration 


Figure  11-522.  Jog-Held  Probe  Placement  on 
an  FA -8976  Antenna  Element. 
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Figure  11-523.  Photograph  of  Magnetic  Induction  Probe. 


Table  11-39  presents  probe  measurements  obtained  by  four  individuals  on  a 
commissioned  glide  slope  facility.  This  data  represents  a  best-case  situation  os  the 
individuals  participating  in  the  experiment  were  experienced  with  such  measurements 
and  were  performing  the  measurements  on  an  antenna  with  easy  access;  similar  tests 
were  performed  under  less  ideal  circumstances  with  appreciable  degradation  in  accuracy. 

The  measurements  listed  in  Table  11-39  are  for  the  three  elements  on  the  lower 
antenna.  The  "above"  and  "below"  row  represent  measurements  taken  on  top  end  under¬ 
neath  the  indicated  elements;  these  measurements  should  be  of  the  same  magnitude  and 
of  supplementary  phase  angles.  As  seen  in  Table  11-39,  the  measured  amplitude  varies 
by  over  one-half  decibel  and  the  phase  by  over  10".  Data  from  other  hand-held  probe 
measurements  support  the  contention  that  the  data  of  Table  1 1-39  is  os  repeatable  os 
con  be  expected  using  hand-held  probes. 

5.  Development  of  the  Jig-Held  Probe.  Extensive  work  with  terrain- 
sensitive  glide-slope  computer  simulations  at  Ohio  University  indicated  that  in  order 
to  make  accurate  predictions  concerning  glide  slope  system  performance,  anterma 
currents  must  typically  be  measured  with  greater  accuracy  than  has  been  realized  with 
hand-held  probes.  This  conclusion  motivated  the  development  of  a  simple  jig  for  hold¬ 
ing  the  probe  while  vector  voltmeter  readings  are  mode. 

Analyses  and  experiments  hove  been  performed  to  answer  the  question  as  to  where 
the  probe  should  be  positioned  to  sample  antenna  currents  with  greatest  accuracy  and 
without  interference  from  other  elements  in  the  array. 

a.  Probe  Placement  and  Stobility.  The  magnetic  field  in  the  vicinity  of 
a  radiating  element  relates  directly  to  the  antenna  currents  generating  that  field. 
Induction  probes,  such  as  the  ones  used  for  this  report,  sample  magnetic  fields. 

Antenna  currents  can  then  be  determined  from  probe  measurements  once  the  relation¬ 
ship  between  magnetic  fields  and  antenna  currents  has  been  established. 

Figure  11-525  shows  the  basic  dimensions  of  the  FA8976  glide  slope  antenna. 

Each  radiating  element  of  this  antenna  Is  electrically  one-half  wavelength  long  and 
employs  thin  rectangular  metal  plates  for  the  dipole  arms;  using  such  a  rectangular  plate 
element  instead  of  a  thin  wire  element  allows  the  element  to  resonate  over  a  broader 
range  of  frequencies.  Determination  of  the  magnetic  field  near  these  elements  involves 
integrating  the  magnetic  field  contributions  from  each  incremental  piece  of  the  element. 


Numerical  integration  con  be  employed  to  solve  the  integral  defining  the  magnetic 
field  in  the  immediate  vicinity  of  a  radiating  surface  by  summing  the  field  contributions 
over  all  elements  of  the  surface.  The  coordinate  system  for  the  analysis  presented  here 
is  given  in  Figure  11-526.  Using  this  coordinata  system,  the  field  contribution  from 
any  element  (x,z)  seen  at  the  test  point  is:  ^ 


H^(y)  from  element  (x,z) 


l(X/Z)< 
r 


-ipr 


Outer  Dipole 


Middle  Dipole 


Runway  Dipole 


Subject  1 

Above 

Below 

Subject  2 

Above 

Below 

Subject  3 

Above 

Below 

Subject  4 

Above 

Below 


Table  11>39. 


Phase 

Amplitude 

Phase 

Phase 

-10.5 

73 

-11.5  dB 

46* 

-10.0 

75* 

-10.0 

112 

-11.5 

130 

-10.0 

112 

-10.2 

75 

-11.5 

43 

-10.0 

77.5 

-10.0 

110 

-11.5 

140 

-10.0 

110 

-10.3 

75 

-11.8 

49 

-10.0 

75 

-  9.8 

111 

-11.2 

140 

-  9.6 

109 

-10.3 

71 

-11.8 

42 

-10.2 

75 

-  9.8 

113 

-11.3 

141 

-  9.7 

112 

Hand-Held  Probe  Measurements  Token  from  the  Lower 
Antenna  of  a  Commissioned  Glide  Slope  Facility. 


Element  2  Element  3 


Figure  11-526.  Coordinate  System  for  Magnetic  Field  Analysis. 


where  r 


TTT 

X  +  y  +  z 


The  composite  field  at  the  test  point  is  (integrating  over  all  other  elements); 


w 

_L  ,  ^  -ifir 

H„(y)  =  4it  /  /  l(x,z)  e  dxdz 

-L  -w  -7 - 

7 


Substituting  in  for  r  and  recalling  that  the  current  distribution  for  a  resonantly  excited 
dipole  is  sinusoidal  (end  effects  will  be  neglected)  the  integral  becomes: 


H^(y) 


This  integral  is  evaluated  on  the  following  pages  with  the  aid  of  a  computer  using 
numerical  integration  techniques.  ^  ^  ^  ^  This  particular  integration  was  performed  using 
the  Newton-G>tes  formulas.  The  error  in  this  operation  is  ^  the  order  ^  the  Sth^power 
of  the  z  increment  (i.e.,  the  error  is  on  the  order  of  .0148  “  7  x  10“  which  is 

substantially  less  than  the  truncation  error  of  the  computer).  The  program  is  listed  on 
the  following  page. 

Measured  values  of  phase  and  amplitude  versus  distance  in  front  of  the  radiating 
element  are  plotted  in  Figures  11-527 and  528  along  with  calculated  values.  The  value 
along  the  abscissa  corresponds  to  the  dimension  "r"  in  Rgure  11-526. 


As  seen  in  Figure  11-527,  there  is  a  close  correspondence  between  the  predicted 
amplitude  and  the  measured  amplitude  of  the  magnetic  field.  (As  a  reference,  1/R/ 
the  intensity/distance  relationship  for  an  incremental  source,  is  also  plotted.)  The 
divergence  of  the  amplitude  of  element  2  trom  elements  1  and  3  for  distances  greater 
than  4  inches  is  due  to  the  fact  that  the  fields  from  the  outer  elements  (1  and  3)  add 
to  the  field  produced  by  the  center  element  (2)  causing  its  radiation  intensity  to  appear 
higher. 

The  amplitude  measurement  of  an  element  can  best  be  made  in  a  region  where 
superposition  is  minimal  (i.e.,  where  relative  element  amplitudes  do  not  change  with 
increasing  distance  from  the  element).  As  seen  in  Figure  11-527/  ibis  region  is  between 
0  and  4  inches.  The  maximum  interference  caused  by  another  element  in  this  region 
would  be  13  dB  below  the  amplitude  of  the  element  being  measured  (see  Figure  11-526 
for  the  dimensions  used  in  the  following  calculation):  0  =  angle  off  broadside  of 
the  element  causing  the  interaction  to  the  measurement  point 

0  -  ton"^  (2V(3  +  4)  -  74* 
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C  PROGRAM  TO  EVALUATE  THE  H  FIELD  IN  FRONT  OF  A  FA8976 
C  GLIDE  SLOPE  ANTENNA  ELEMENT 

C  itlit**t*t*tM*t**tt*t*****tttttM**ti(tt**^K***ttt**ttt*tt*t*tt*ttt 

C  KENT  CHAMBERLIN 
C  AVIONICS  ENGINEERING  CENTER 
C  OHIO  UNIVERSITY »  ATHENS  OHIO 

C  t**ift*t**t*t*t**ttttt***tttt*t**t*$itt**tt*tt*t**t****1litt*tttt 
REALMS  YfHfHMAXfANGf ANGLEfREF 
CALL  HFIELD ( 3 . » HMAX » REF ) 

C  ALL  CALCULATIONS  WILL  BE  REFERENCED  TO  3  INCHES  FROM  THE  ELEMENT 
C  WHICH  CORRESPONDS  TO  A  R  OF  0  INCHES 
DO  10  I=3f15 

C  Y  GOES  FROM  3  TO  15  INCHES  WHICH  REPRESENTS  A  R  OF  0  TO  12  INCHES 
Y=DFLOAT(I) 

CALL  HFIELD(Y»H»ANG) 

HDB=20 . *DLOG 1 0  <  H/HMAX  > 

ANGLE=ANG--REF 
PRINT  1 »YrHDB WANGLE 
1  F0RMAT(1X»3(F10.5»5X) ) 

10  CONTINUE 

STOP 
END 

C  SUBROUTINE  HFIELD  YIELDS  THE  AMPLITUDE  AND  PHASE  OF  THE  MAGNETIC 
C  FIELD  FOR  A  GIVEN  DISTANCE  <Y>  FROM  THE  ELEMENT 
C  ****t*****t**t***t**1^*t*i|fi***^((***t******tt****t********t**** 
SUBROUTINE  HFIELD< Y»Hr ANG) 

IMPLICIT  C0MPLEX#16(C) 

DIMENSION  CG<4) 

REAL *8  BE TA  » I NCX » INCZ » H  »  X  f  Z » P I r  EXPON  »  Y  f  ZABX  f  R 
PHASE (C)=  ATAN2(AIMAG<C) »REAL<C) )*180./PI 
C  PHASE  IS  A  FUNCTION  STATEMENT  THAT  DETERMINES  THE  PHASE  IN 
C  DEGREES  OF  A  COMPLEX  NUMBER 
PI=3.141592A5358979 
BETA=.17682D0 

C  BETA  IS  THE  PROROGATION  CONSTANT  =2*PI /WAVELENGTH 
INCZ=.0148D0 
INCX=.2D0 

C  INCX  AND  INCZ  ARE  THE  INCREMENTAL  VALUES  IN  THE  X  AND  Z  DIRECTIONS 
CH=(O.DO»O.DO) 

DO  20 

X=-1,D0+DFL0AT< J-1)*INCX 

C  X  IS  INCREMENTED  FROM  ~1  TO  +lf  THE  WIDTH  OF  THE  ELEMENT 
DO  20  K=l»400 
DO  10  N=l»4 

Z=DFLOAT<  <K-1 )*3+(N-l > )*INCZ-8.88D0 
C  Z  IS  INCREMENTED  FROM  -WAVELENGTH/4  TO  +WAVELENGTH/4 
R=DSQRT  <  Z**2+Y**2+X**2 ) 

C  R  IS  THE  DISTANCE  FROM  THE  TEST  POINT  TO  THE  INCREMENTAL  ELEMENT 
EXPON=-BETA»R 
CEXPONaDCMPLX  <  0 . DO  f  EXPON ) 

CURENT»DCOS  <  BETA«Z ) 

C  CURENT  IS  THE  CURRENT  DISTRIBUTION  ON  THE  ELEMENT 
CO ( N ) =CURENT»CDEXP ( CEXPON  > /R 
C  CG(N)  IS  THE  FIELD  CONTRIBUTION  FROM  THE  NTH  ELEMENT 
10  CONTINUE 

CH«CH+(3.D0«INCZ/8.D0)«(CG(l)+3*D0«CG(2)+3.D0*CG(3)-fCG(4>  > 

C  THE  ELEMENTAL  CONTRIBUTIONS  ARE  SUMMED  WITH  APPROPERIATE 
C  WEIGHTING  FACTORS 
20  CONTINUE 

H«CDABS(CH)/1*D0 

ANO<»PHASE(CH) 

RETURN  11-708 


Amplitude  Relative  to  Center  Antenna  Element  at  0  Inches  (dB) 


Figure  11-527.  Prpbe  Measured  Amplitude  of  Elements  of  the  FA-8976  Antenna 
Versus  Distance. 
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phase  Relative  to  Center  Element  at  0  Inches  (Degrees) 


Distance  From  Radiating  Element  (Inches) 

Figure  11-528.  Probe  Measured  Phase  of  Elements  of  the  FA-8976  Antenna 
Versus  Distance. 
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The  array  factor  for  that  angle  is  (assuming  sinusoidally  excited  elements): 


AF  =  cos  (90*  sin  74*)/cos  74*  =  .224 
20log^Q.224  =  -13  dB 

Elemental  superposition  of  this  nature  is  not  felt  to  be  detrimental  to  these  measurements. 

A  graph  of  the  relative  phase  of  the  elements  is  given  in  Figure  11-527  along  with 
calculated  values  of  phase.  The  20*  phase  shift  between  end  and  center  elements  is  to 
prevent  a  null  from  occurring  in  the  antenna  pattern  in  the  vicinity  of  the  runway 
threshold;  such  a  null  would  occur  if  the  elements  were  fed  in  phase. 

The  30*  discrepancy  between  the  measured  and  calculated  phase  may  be  due  to 
near-zone  radiation  effects  on  antenna  element  currents.  ^  ^  This  phenomenon  occurs 

for  distances  from  the  element  substantially  less  then  end  appears  in  the  form  of  a 
phase  shift.  Taking  this  effect  into  account,  the  apparent  element  current  distribution 
at  small  distances  becomes: 


l(z)  =  (1  +  jk)  cos  pz 

where  z  is  the  distance  from  the  center  of  the  dipole  along  the  element,  P  is  the  pro¬ 
pagation  constont,  and  k  is  a  constant  determined  by  the  antenna  impedance  (Zo), 
and  Ri  the  radiation  resistance 


.  _  Ri  -73 

^  'm 


=  .51 


The  current  distribution  then  becomes: 


l(z)  “  (1  +  I^SI)  cos  Pz 

The  phase  shift  introduced  by  this  near  zone  effect  is  27*  which  may  explain  the 
discrepancy  between  the  calculated  and  observed  phase.  The  calculated  and  observed 
phase  curves  become  nearly  equal  when  the  zero  phase  reference  is  moved  to  8  inches 
since  this  region  is  less  influenced  by  the  near  zone  effect.  Note  that  all  curves  in 
Figure  11-528  hove  the  some  slope  (-Pr)  outside  the  region  where  the  near  zone 
effect  is  present. 

The  phase  difference  between  elements  1,2,  and  3  os  seen  in  Figure  11-528, 
does  not  change  appreciably  with  distance  from  the  radiator  with  the  exception  of  the 
first  inch.  Phase  sompling  in  this  oreo  has  repeatedly  resulted  in  errors  on  the  order  of 
5*.  Such  an  error  so  near  a  radiating  element  is  not  unexpected  due  to  the  presence 
of  reflecting  surfaces  and  nors-ideal  current  distributions  on  the  elements.  It  would 
appear  that,  because  of  phase  anomalies  near  the  element,  probe  measurements  should 
be  taken  at  distances  of  2  inches  or  more  to  obtain  accurate  phase  readings. 


Since  amplitude  measurements  con  be  mode  accurately  for  distances  less  than  4 
inches,  and  phase  measurements  con  be  mode  accurately  for  distances  greater  than  2 
inches,  it  would  appear  that  3  inches  from  the  element  would  be  an  optimum  position 
to  make  probe  measurements.  The  measurement  sensitivity  at  this  point  is  SV'nch  in 
phase  and  1  dB/inch  in  amplitude. 

A  design  for  a  jig  capable  of  holding  a  probe  3  inches  from  the  radiator  is  given 
in  Figure  11-529.  The  critical  requirements  for  any  probe  jig  are  that  it  be  capable 
of  holding  the  probe  rigidly  and  repositioning  it  accurately  in  subsequent  measurements. 
The  jig  shown  in  Figure  11-529  is  constructed  from  1/4  inch  plexiglas;  styrofoam  u 
considered  to  be  more  electromagnetically  invisible;  however,  plexiglas  offers  a  more 
rigid  structure  and  is,  therefore,  considered  more  desirable  in  this  application. 

b.  Experimental  Results.  As  an  experiment  to  determine  the  repeatability 
of  these  measurements,  two  persons  were  trained  in  the  use  of  the  WM  and  shown  how 
the  tests  were  to  be  taken;  the  total  training  time  was  less  than  two  hours.  Measure¬ 
ments  were  taken  over  a  two-week  period  on  a  daily  basis,  weather  permitting,  over 
a  40“F  temperature  range  with  2  different  VVM's.  The  results  of  this  experiment  in¬ 
dicate  that  a  measurement  accuracy  of  1  °  in  phase  and  0.2  dB  in  magnitude  can  be 
realized  by  personnel  with  a  minimum  of  training  using  a  suitable  probe  jig. 

One  source  of  error  observed  in  these  experimental  tests  was  an  uncalibrated 
and/or  cold  vector  voltmeter.  Suchswcpes  of  error  can  be  eliminated  by  following 
the  manufacturer's  recommendations^  ^  for  calibration  and  allowing  at  least  one- 
half  hour  for  warm-up. 

Another  source  of  error  can  be  the  expansion  and  contraction  of  the  cables 
connecting  the  WM  to  the  probe  arxJ  reference  signals.  This  temperature-related 
phenomenon  can  appear  os  on  erroneous  phase  shift  in  the  final  measurement  unless 
some  form  of  phase  compensation  technique  is  employed.  Phase  compensation  can 
be  accomplished  by  using  equal  length  transmission  lines  for  the  probe  and  for  the 
reference  signal  and  arranging  them  so  that  they  are  exposed  to  the  same  environ¬ 
mental  influences. 

6.  Far-Field  Resporwe  to  Antenno  Currents.  Since  the  purpose  of  this  study 
is  to  enable  judgments  to  be  mode  concemirtg  glide  slope  system  performance  based 
on  measurements  of  antenna  currents,  it  is  important  to  determine  the  sensitivity  of  glide 
path  angle  and  width  to  variations  in  the  antenna  currents.  By  employing  a  computer 
simulation  model  that  was  developed  under  a  previous  study,  a  far-field  relationship 
describing  path  and  width  response  to  changes  in  antenna  currents  has  been  established. 
This  model  is  for  a  capture-effect  system  operating  on  flat,  level  terrain.  Although 
it  is  realized  that  this  sensitivity  will  change  substantially  for  a  non-ideal  terrain, 
the  information  given  by  this  simulation  is  considered  to  give  a  general  indication 
of  what  happens  in  the  for  field  for  changes  in  the  transmitter  parameters.  Grophs 
depicting  these  sensitivities  ore  given  in  Figures  11-530  through  533.  M~«ured 
values  from  an  earlier  study  ^  ^corroborate  the  information  in  Figures  11-530  through 

533.  The  abscissa  of  these  graphs  represents  the  parameter  that  Is  varied,  and  the 
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0.22 


Figure  11-529b.  Drawing  of  Probe  Jig  with  Dimensions. 
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_ Lower  Antenna 


Figure  11-531.  Change  in  Capture  Effect  Glide  Slope  Path  Width  (.7®  Normal) 
Caused  by  Antenna  Dephasing. 
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Figure  11-533.  Change  in  Capture  Effect  Glide  Slope  Path  Width  (.7*  Normal) 
Caused  by  Signal  Attenuation. 
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ordinate  represents  the  far-field  response.  The  three  curves  on  each  graph  represent 
three  independent  conditions;  the  curve  showing  the  far-field  response  to  a  change  in 
the  current  in  the  lower  antenna  assumes  the  currents  in  the  other  antennas  remain 
at  their  nominal  values.  Although  little  flight  testing  has  been  done  to  evaluate 
experimentally  the  far-field  effects  due  to  such  small  variations  as  are  presented  here, 
the  trends  shown  by  the  graphs  are  in  agreement  with  what  has  been  observed  experi¬ 
mentally.  The  above  indicates  that  the  methods  employed  in  the  experiment  described 
in  the  previous  section  would  be  able  to  predict  the  path  width  and  angle  of  a  capture- 
effect  system  operating  on  flat  terrain  within  .02**  using  the  techniques  described  later 
in  this  section.  The  asymmetry  evident  in  Figures  11-530  and  531  is  a  real-world 
phenomenon  that  is  observable  when  the  receiving  antenna  is  a  finite  distance  from 
the  transmitting  antenna.  Simulations  that  indicate  symmetrical  patterns  for  antenna 
dephasing  and  attenuation  assume  parallel  transmission  paths  from  the  transmitter  to  the 
receiver  (i.e.,  the  receiver  is  on  infinite  distance  from  the  transmitter. 

Referring  to  Figures  11-530  through  533  and  recalling  the  experimental  repeat¬ 
ability  described  in  the  previous  section,  statements  ca.ceming  far-field  performance 
prediction  based  on  probe  measurements  con  be  made.  For  example,  it  can  be  seen  that 
a  ±1  ®  change  in  phose  in  any  of  the  three  antennas  will  cause  less  than  0.01  *  change 
in  the  path  angle  and  width;  a  ±0.2  dB  change  in  attenuation  in  any  of  the  three  antennas 
will  cause  at  most  a  0.02®  change  in  path  width,  and  less  than  0.02®  change  in  path 
angle. 


7.  Multi-Element  Antenna  Array  Radiation  Patterns.  Multi -element  antennas, 
or  antenna  arrays,  have  radiation  patterns  that  are  ^pendent  upon  the  relative  phase 
and  amplitude  of  the  elements  comprising  the  antenna.  In  order  to  determine  the  far- 
field  radiation  pattern  of  an  antenna  array,  the  relative  phases  of  the  individual  elements 
must  be  determined. 

A  glide  slope  system  employs  2  or  3  antenna  arrays  to  generate  a  path  in  space; 
this  path  is  dependent  upon  the  relative  phase  and  amplitude  of  the  signals  radiated 
by  the  antenna  arrays.  If  there  is  any  dissimilarity  among  the  radiation  patterns  of 
the  antennas  making  up  the  glide  slope  system,  the  glide  path  will  change  with  azimuth 
angle  relative  to  the  antenna  tower.  This  section  discusses  glide  path  dependence  on 
azimuth  and  how  to  determine  it.  This  determination  can  be  made  from  the  measure¬ 
ments  described  in  the  previous  section. 

The  Federal  Aviation  Administration  has  written  specifications  for  glide  slope 
cntennas  which  are  presented  in  FAA-E-2429.  Figure  11-534  is  a  graph  from  those 
specifications  that  depicts  the  required  antenna  pattern  for  cn  antenna  array.  In  order 
to  meet  specifications,  the  antenna  pattern  must  fall  within  the  solid  lines  as  seen  in 
Figure  1 1-534,  the  antenna  pattern  shown  by  the  dashed  lines  does  meet  these 
specifications.  It  is  interesting  to  note  the  requirements  for  the  antenna  pattern  correspond¬ 
ing  to  the  area  around  the  runway  threshold  (around  20®  azimuth).  An  antenna  could 
produce  a  very  low  radiated  power  between  20®-30®  and  still  be  acceptable  (according 
to  the  specifications)  as  long  as  the  pattern  between  0®  and  20®  met  tolerances.  Accord¬ 
ing  to  ^itenna  Products  Corporation  this  was  the  case  with  the  FA8976  antennq;  it  met 
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the  FAA  specifications  but  radiated  a  weak  signal  in  the  vicinity  of  the  runway  threshold 
due  to  nulls  in  its  radiation  pattern.  A  field  modification  was  later  made  by  the  manu¬ 
facturer  that  dephased  the  antenna  array  (i.e.,  retarded  the  phase  of  the  outer  elements 
of  the  array  by  20*;  all  three  elements  were  previously  in  phase  which  had  caused  the 
null)  resulting  In  adequate  signal  at  the  runway  threshold.  This  field  modification  was 
never  incoq»orated  into  the  FAA  specifications.  The  line  plotted  with  small  circles  in 
Figure  .1-^4  is  a  recommended  addition  to  the  specifications  for  a  glide  slope  antenna 
that  would  insure  adequate  radiated  power  at  and  near  the  runway  threshold. 

Figure  11-535  is  an  azimuth  plot  of  a  typical  FA8976  antenna  along  with  FAA 
specifications.  Clearly,  the  radiation  pattern  does  not  exceed  tolerance  limits  by  a  large 
amount,  and  the  antenna  from  which  this  pattern  was  taken  would  certainly  perform 
satisfactorily.  However,  technically  this  antenna  and  ail  other  FA8976  antennas  tested 
are  out-of-toleronce.  Thus,  it  is  recommended  that  the  upper  limit  on  the  specification 
be  modified  to  accommodate  such  properly-functioning  glide  slope  antennas. 

In  order  to  make  quantitative  statements  concerning  the  dependence  of  an  antenna 
radiation  pattern  on  the  phasing  of  its  elements,  a  study  was  performed  that  involved 
modeling  a  three-element  array  (such  as  the  FA8976)  and  then  field  testing  to  measure 
the  radiation  pattern.  Some  results  of  this  study  are  shown  in  Figures  1 1-536  and  537, 
which  are  plots  of  the  calculated  and  measured  Far-field  phase  and  amplitude  of  the 
FA8976  antenna.  The  simulation  model  used  probe  measurements  os  inputs.  As  con  be 
seen  by  these  graphs,  and  the  model  predicts  the  trends  of  the  measured  pattern  in  the 
vicinity  of  0  to  ±30*  azimuth,  which  is  the  area  of  interest.  The  computer  simulation 
modeled  the  antenna  as  three  dipoles  only;  the  comer  reflectors  and  ground  plane  were 
not  considered.  Inclusion  of  these,  and  other  factors,  could  lead  to  a  model  that  more 
accurately  predicts  the  actual  pattern;  however,  experimental  data  indicates  that  the 
response  to  changes  in  antenna  currents  is  quite  close  for  both  the  actual  pattern  and 
simulated  pattern  (e.g.,  a  3  dB  attenuation  in  the  element  nearest  the  runway  will  cause 
the  pattern,  both  actual  and  simulated,  to  be  5  dB  higher  at  a  point  10*  the  other  side 
of  the  runway  centerline).  The  ability  of  a  model  to  predict  the  radiation  pattern  with 
great  accuracy  was  not  considered  crucial  for  this  application;  only  thp  trends  are 
important.  The  question  that  needs  to  be  answered  by  the  model  is:  how  much  of  a 
change  in  the  radiated  parameters  will  be  observed  by  chonging  the  phase  or  amplitude 
of  the  antenna  elements?  Since  the  trends  in  the  model's  pattern  are  of  approximately 
the  some  magnitude,  and  the  nulls  occur  in  the  some  place  os  the  physical  antenna,  it 
con  be  concluded  that  the  model  is  capable  of  predicting  relative  cntenna  patterns 
based  on  probe  measurements.  The  model  that  generated  these  patterns  assumed  that 
the  elements  were  operating  in  free  space  without  any  reflecting  surfaces  end  that  the 
elements  were  sinusoidally  excited  and  operating  in  resonance. 

The  inputs  to  the  computer  model  are  in  the  form  of  complex  antenna  currents. 

The  output  yields  far  zone  phase  and  magnitude  as  a  function  of  azimuth.  The  complex 
antenna  currents  are  obtained  by  the  probe  measuremenh  ond  ore  input  to  the  computer 
model. 


Measured 


(saajSag)  asoi^ 
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Azimuth  (Degrees) 

Rgure  11-537.  Theoretical  Horizontal  Phase  Pattern  for  Three-Element  Array  G>mpared  with  Measured  Pattern  for  APC  FA-8976 


The  program  to  simulate  the  FA8976  antenna  is  listed  on  the  Following  pages  along 
with  typical  output.  The  program  shown  in  Figures  1 T-538  ond  539  is  for  the  case  where 
one  of  the  outer  elements  is  attenuated  3  dB  with  no  change  in  phase.  As  indicated  by 
the  program  comment  statements,  inputs  to  the  simulation  are  measured  antenna  currents 
(since  there  are  only  3  input  parameters,  they  are  input  into  the  program  itself  rather  than 
by  cards).  A  measured  value  may  be  input  to  the  program  by  converting  from  phase  and 
amplitude  to  a  complex  value  (x  +  jy). 

The  computer  simulation  was  run  for  a  variety  of  fault  conditions.  The  three  elements 
of  the  FA8976  antenna  are  typically  fed  at  equal  amplitudes,  with  the  outer  elements  in 
phase  with  each  other  and  20-25°  retarded  with  respect  to  the  center  element.  Faults 
were  input  to  the  simulation  os  deviations  from  these  values.  The  results  of  this  study 
indicate  that  phase  variations  on  the  order  of  ±5°  do  not  greatly  affect  the  far-field 
parameters;  however,  attenuation  greater  than  2  dB  greatly  alters  the  antenna  pattern. 
Unfortunately,  these  values  cannot  be  used  as  tolerances  for  antenna  diagnostics  due 
to  the  unknown  effect  of  certain  parametric  changes  when  dealing  with  a  non-ideol 
terrain. 

in  order  to  set  tolerance  limits  on  antenna  element  parameter  variations,  further 
work  is  required  using  a  terrain-sensitive  glide  slope  model  to  determine  the  relationship 
between  array  performance  and  path  characteristics. 

8.  Antenna  Diagnostics.  As  stated  in  the  previous  section,  absolute  tolerances 
on  antenna  element  phasing  and  signal  strength  cannot  be  established  without  further 
investigation.  However,  probe  measurements  con  be  of  significant  value  for  antenna 
diagnostics  since  faults  that  cause  system  outages  are  typically  large  enough  to  be 
immediately  recognizable. 

It  is  recommended  that  the  probe  measurements  described  earlier  be  token  on  a 
regular  (monthly)  basis  to  establish  baseline  information  for  the  system.  In  the  event  that 
the  system  fails,  antenna  integrity  con  be  determined  by  comparing  baseline  measure¬ 
ments  with  Faulted  measurements.  Information  obtained  for  this  report  indicates  that 
any  antenna  fault  large  enough  to  cause  a  system  failure  will  result  in  a  probe  measure¬ 
ment  variation  substantially  larger  than  variations  due  to  measurement  errors. 

Probe  measurements  con  also  be  used  for  system  diagnostics,  once  it  has  been  deter¬ 
mined  that  none  of  the  antenna  arrays  have  fai  led,  by  using  the  measurements  to  deter¬ 
mine  the  phasing  between  the  individual  antennas.  Improper  phasing  due  to  temperature 
changes,  aging,  or  moisture  in  the  cables  feeding  the  antennas  con  be  detected  easily. 

The  true  test  of  the  probe's  capability  to  aid  the  technician  will  be  in  the  field, 
although  information  obtained  thus  far  indicates  that  probe  measurements  can  provide 
valuable  data  concerning  a  systenfs  performance  and  can  be  taken  without  undue  effort. 

9.  Conclusions. 

a.  An  investigation  info  the  use  of  magnetic  induction  probes  with  tliree- 
element  earner  reflector  antennas  has  been  performed;  the  results  of  this  study  indicate 
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C  THE  FOLLOWING  CREATES  PLOTS  OF  THE  DATA 
CALL  PLOTS ( BUF » 20000 » 1 1 ) 

AXISd.  »1.  f  'AZIMUTH'  ,-7i-9.  » 0 .  , -90  .  .  20 .  » :l.O .  ) 


CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 


AXISd.  d.  »  'PHASE'  f5»6.  i- 90 »  » -180 »  » 60 .  r  10 ,  ) 
-NPTSdfOrlSYM) 


FLINE(XDEG»YPHSfi 
PL0T<0. »0*  »-3) 

AXISd.  d,  »  'AZIMUTH' ,-7»9,  rO.  »~90.  »20,  dO.  ) 

AXISd.  »1.  f  'AMPLITUDE'  » 9,6 » »90.  f -30.  y  5.  dO.  ) 

FL INE ( XDEG , YE , NPTS , 1 y  0 , 1 SYM ) 

PLOT (0. ,0. ,-3) 

PLOTd  .  ,1 .  ,3) 

PL0T<3.75y4.-4.2) 

PLOT <4. ,4.4,2) 

PLOT (4. 9, 6. 8, 2) 

PL0T<5.15,7. ,2) 

PLOT <5. 85, 7. ,2) 

PL0T(6. 1 ,6.8,2) 

PLOT (7. ,4.4,2) 

PLOT (7. 25, 4. 4, 2) 

PLOT <10. ,1. ,2) 

PL0T<4.5,1. ,3) 

PLOT (4. 5, 4. 8, 2) 

PL0T<5.25,6.8,2) 

PL0T(5.5,7. ,2) 

PL0T(5.75,6.8,2) 

PLOT (6. 5, 4. 8, 2) 

PL0T(6.5,1 . ,2) 

PL0T<0. ,0. ,-3) 

PL0T<0. ,0. ,999) 

^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  %b  ^b 

^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  *  *  *  *  *  ^  ^  * 
STOP 
END 

C^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  >b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b  ^b 

C  SUBROUTINE  AF  GENERATES  THE  ARRAY  FACTOR  IN  PHASE  AND  AMPLITUDE 
C  FOR  THE  ANTENNA  ARRAY  FOR  A  GIVEN  AZIMUTH < THETA )  IN  RADIANS  AND 
C  ANTENNA  CURRENTS  AS  DESCRIBED  ABOVE. 

C  SEE  TEXT  FOR  A  DESCRIPTION  OF  THE  SUBROUTINE  OPERATION 

jjc  3^  jjc  3jc  3|{  jjt  3jc  3jC  3|C  3jC  !(C  3(t  3(C  3|C  3^C  3(C  3)C  }fC  3(C  3(t  3j£  3(C  3jC  3|(  3|C  J|C  3(C  3)C  3jC  3|C  3|C  )jC  )jC ))( 3jC  !)C  3|C  3(C  3(C  3|C  3((  )jC  )|C  )jC  3((  3|t  )|C  3)C  3|(  !j{  3^t  3|(  )|C )({ 3(C  3^  3^  3(C  3|(  3(C  3|C  3j^  3^  3jC  3j(  3jC  3(C  3|(  3jt  3(C 

SUBROUTINE  AF ( THETA , Cl 1 , CI2 , CI3 , CE ) 

IMPLICIT  COMPLEX <C) 

PI=3. 1415926 

PSIl  =  (4.)ttPI/3.  )3»(SIN(THETA) 

PSI3=-PSI1 

CSI1=:CMPLX<0.,PSI1> 

CSI3-=CMPLX<0.  ,PSI3) 

CE=<CI2+CIl»CEXP<CSIl)+CI3XcCEXP(CSI3)  ) 

>*(COS( (PI/2. )#SIN<THETA) ) /COS ( THETA ) ) 

RETURN 

END 
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PROGRAM  TO  SIMULATE  THE  FA-8976  GLIDE-SLOPE  ANTENNA 
ASSUMING  NO  REFLECTING  SURFACES  AND  RESONATELY 
EXCITED  RADIATING  ELEMENTS 


KENT  CHAMBERLIN 

AVIONICS  ENGINEERING  CENTERr  OHIO  UNIVERSITY 
ATHENS f  OHIO  APRIL  1977 


IMPLICIT  COMPLEX  (C) 

C  PHASE  IS  A  FUNCTION  STATEMENT  THAT  DETERMINES  THE  PHASE  OF 
C  A  COMPLEX  NUMBER 

PHASE<C)=  ATAN2<AIMAG(C) »REAL<C) ) *180. /PI 

DIMENSION  E(180) fDEG(180) »PHS(180) »PHA<180) fBUF(5000) »XDEG< 182) . 
»YE(182)»YPHS(182) 

PI=3. 1415926 

C  CI1»CI2»  AND  CI3  ARE  THE  COMPLEX  ELEMENT  CURRENTS  OF  ELEMENT  1»  2.  AND 
C  3»  respectively;  these  are  the  input  parameters  FOR  THIS  SIMULATION 
CI1=CMPLX( .9397»-.342) 

CI2=CMPLX<1. »0. ) 

CI3=CMPLX( .6653* -.2421) 

CALL  AF(0.fCIlrCI2»CI3»CEl) 

C  THE  ARRAY  FACTOR  AT  ZERO  DEGREES  AZIMUTS  IS  DETERMINED;  ALL 
C  OTHER  VALUES  ARE  MEASURED  IN  DECIBELS  BELOW  THIS  VALUE 
RMAX=CABS(CE1) 

PRINT  2»RMAX 

2  FORMAT ( IX » 'THE  RELATIVE  EFFECTIVE  CURRENT  ALONG  CENTERLINE  IS' 
<»F8.4) 

NPTS=0 

C  THE  FOLLOWING  DO  LOOP  INDEXES  THETA  (RADIANS)  FROM  -90  TO  90  DEGREES 
DO  10  IDEG=1»180 
THETA«FLOAT ( lDEG-90 ) *PI/180 . 

CALL  AF<THETA»  CIl »CI2»CI3rCE) 

C  F  IS  THE  RATIO  OF  THE  MAGNITUDE  AT  THETA  TO  THE  MAXIMUM  VALUE 
C  E  IS  THE  VALUE  OF  F  IN  DECIBELS 
F=.CABS<CE)/RMAX 
E(IDEG)=20,*AL0G10(F) 

PHS  < I DEG ) =PHASE ( CE ) -PHASE  <  CE 1 ) 

DEG<IDEG)=IDEG-90 

IF<<IDEG.LT.5).0R.<IDEG.GT.175))  GO  TO  10 
NPTS=NPTS+1 

XDEG ( NPTS ) =FLOAT ( I DEG ) /20 , + 1 . 

C  THE  VALUES  TO  BE  PLOTTED  ARE  SCALED:  YE  IS  THE  MAGNITUDE  OF  THE 
C  ARRAY  FACTOR r  YPHS  IS  THE  PHASE f  AND  XDEG  IS  THE  AZIMUTH 
IF<E(IDEG) .LT.-30. )  E(IDEG)®-30. 

YE<NPTS)=7.+E<IDEG)/5. 

YPHS  <  NPTS ) =4 . +PHS  < I DEG ) /60 ♦ 

10  CONTINUE 

XDEG(NPTS+1)=0. 

XDEG<NPTS+2)=1. 

YE(NPTS+1)=0. 

YE(NPTS+2)=1. 

YPHS(NPTS+1)=0. 

YPHS(NPTS+2)-=l. 

20  CONTINUE 


AZIMUTH 

e  of  a  Simulated  Radiation  Pattern  for  a  FA-8976  Antenna 
Attenuation  in  the  Third  Element. 


ttrat  the  signals  radiated  by  on  antenna  con  be  treasured  to  better  than  .5  dB  in  amplitude 
and  10°  in  phase  with  a  hand-held  probe,  and  .2  dB  in  amplitude  and  1°  in  phase  with 
a  jig-held  probe. 

b.  Calculations  hove  been  performed  to  determine  far-field  path  characteristics 
as  a  function  of  phase  and  amplitude  perturbations  at  the  antenna;  the  determination,  as 

a  result  of  this  study,  and  a  study  of  probe  measurement  accuracies,  is  that  any  fault 
large  enough  to  cause  detectable  change  in  the  far-field  condition  can  be  detected 
by  jig-held  probe  measurements  when  the  antenna  position,  transmitter  modulation, 
and  ground  plane  are  not  changed. 

c.  Experimental  and  theoretical  work  with  multi-element  glide  slope 
antennas,  e.g.,  the  APC  FA8976,  indicates  that  the  monitor  port  output  generally 
responds  in  an  analogous  manner  to  changes  in  the  radiated  signal.  Certain  antenna 
dipole  element  faults  con  cause  the  antenna  pattern  to  be  out-of-tolerance  without 
producing  a  detectable  change  in  the  monitor  port  output. 

10.  Recommendotions.  Based  on  the  information  obtained  during  this  work 
effort,  the  following  recommendations  are  suggested: 

a.  Federal  Aviation  Administration  specifications  for  glide  slope  antenna 
performance  (FAA-E-2429)  should  be  updated  to  insure  adequate  signal  levels  at  the 
runway  threshold  as  well  os  to  allow  some  existing  antennas  to  be  classified  os  being 
in-toleronce. 


b.  Any  technician  who  may,  in  the  future,  be  required  to  use  the  techniques 
described  herein  should  become  familiar  with  the  parameters  of  systems  that  are  known  to 
be  working  properly.  In  addition,  it  is  felt  that  the  probe  measurements  described  be 
taken  os  part  of  routine  (monthly)  maintenance  in  order  to  generate  c  history  for  the 
system;  if  an  antenna  ever  does  fail,  the  time  required  to  detect  the  fault  will  be 
minimal. 


c.  Hand-held  probes  do  have  accuracy  limitations  compared  to  jig-held 
probes.  For  applications  where  tolerances  on  phase  and  amplitude  do  not  require  the 
use  of  a  jig-held  probe,  the  hand-held  probe  may  provide  adequate  measurements; 
however,  for  systems  where  phasing  is  critical,  it  is  recommended  that  probe  jigs  be 
employed  to  insure  maximum  measurement  accuracy. 

d.  Proper  use  of  the  vector  voltmeter  should  be  observed.  This  includes 
adequate  warm-up  time  (at  least  one-half  hour)  and  the  use  of  phase-compensation 
techniques.  In  addition,  it  is  considered  more  accurate  to  use  the  millivolt  scale 
rather  than  the  decibel  scale. 

e.  A  glide  slope's  dependence  upon  azimuthal  antenna  pattern  is  dependent 
upon  the  local  terrain.  In  order  to  determine  the  tolerance  limits  on  antenna  phasing, 
information  concerning  the  local  terrain  effects  upon  glide  slope  performance  must  be 
known.  The  Ohio  Uhiversity  terrain-sensitive  glide  slope  model  can  make  such  a 
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determination;  it  is  suggested  that  this  model  be  exercised  to  determine  antenna  phas¬ 
ing  tolerances  for  varied  terrain  configurations. 
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K.  Experimentql  InvesHgatfon  of  Confemporoiy  Glide  Slope  Antennas. 

1,  Introduction. 

a.  History  of  Glide'  Slope  Antennas.  Early  in  the  history  of  UHF  glide 
slope  operation  in  the  Uhited  States,  the  single  dipole  was  used  exclusively  as  a  source 
element  for  the  signal  transmitted.  The  basic  dipole  element  was  modified  to  become  a 
bent  dipole  and  give  broader  azimuth  signal  coverage  because  it  was  believed  necessary 
to  provide  signal  to  touchdown.  When  rough  path  structure  became  a  significant  problem 
in  meeting  Category  11  requirements  in  the  late  1960's,  concern  was  given  to  directing 
the  signal  principally  into  the  approach  region.  Further  motivation  for  directive  elements 
also  came  from  the  need  for  gain  if  solid  state  transmitters  were  to  be  used. 

Since  1970  at  least  five  different  manufacturers  have  produced  directive  glide 
slope  arrays.  Three  have  used  the  design  of  three  col  linear  dipole  elements  placed  in 
comer  reflectors  thus  providing  for  elevation  as  well  os  azimuth  directivity.  Because 
these  three  antennas  have  found  common  use  in  commissioned  glide  slope  systems,  it 
was  considered  important  to  investigate  in  detail  their  performance  characteristics 
and  to  take  one  in  particular  and  examine  its  performance  under  specific  fault  conditions. 
The  three  antennas  of  concern  are: 

FA8651  manufactured  by  Airborne  Instrument  Laboratories 
FA8730  manufactured  by  Scanwell  Laboratories 
FA8976  manufactured  by  Antenna  Products  Company 

The  two  other  directive  antennas,  one  by  Meridian  Metalcroft,  using  three  curved- 
type  dipoles  on  a  baseplate,  and  the  other,  a  large  cavity-type  marketed  by  Texas 
Instruments,  have  been  or  are  currently  being  used  for  glide  slope  operation. 

Each  of  the  three-comer  reflector  type  antennas  has  the  provision  for  obtoining 
a  signal  sample  that  can  be  used  for  system  monitoring  purposes.  The  representativeness 
of  this  signal  is  of  paramount  importance  when  considering  the  integrity  of  the  monitor¬ 
ing.  A  careful  investigation  of  correlation  between  the  signal  sample  aid  the  for- 
field  signal  has  been  accomplished.  Additionally  a  correlation  between  the  signal 
sample  and  the  response  of  the  monitor  calibrated  by  airborne  methods  has  been 
experimentally  determined. 

b.  History  of  Signal  Sampling  for  Monitoring.  Integral  monitoring  has  been 
found  to  be  a  very  effective  means  of  monitoring  glide  slope  system  performance.  To 
achieve  this  type  of  monitoring  satisfactorily  it  is  necessary  to  have  a  signal  sample  that 

is  representative  of  the  currents  in  the  radiating  elements.  Several  techniques  have  been 
used  with  the  various  antennas  and  these  will  be  discussed. 

The  FAA  implemented  a  method  of  signal  sampling  with  the  early  bent  dipole 
by  forming  a  small  half  loop  with  a  wire  approximately  one  inch  above  the  base  plate 
serving  os  the  reflector  for  the  antennas  and  terminating  into  this  plate.  This  helped 
solve  eorly  problems  in  monitoring  the  capture-effect  system  and  also  found  use  when  the 
FAA  committed  to  integral  monitoring  of  width  for  the  null  reference  system. 
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Deriving  a  represenfqtive  signal  for  the  mult^elements  found  in  the  comer  re¬ 
flector  arrays  is  a  more  demanding  task.  To  be  satisfactory  each  dipole  must  be  sampled 
and  the  resulting  signal  combined  to  be  representative  of  an  effective  current  which  may 
be  considered  the  signal  source  current  of  the  array. 

The  APC  FA8976  antenna  makes  use  of  the  simplest  and  most  straightforward 
means  of  extracting  a  sample.  A  coaxial  line  is  brought  up  to  the  balun  used  to 
stand  the  dipole  off  i  wavelength  from  the  base  with  the  shield  terminated  on  one 
arm  of  the  balun  and  the  centerconductor  penetrating  through  and  terminating  on 
the  other.  The  three  lines  coming  from  each  dipole  are  then  joined  together  to  give 
a  composite  with  a  non-50-ohm  port. 

The  AIL  FA8651  samples  signals  by  terminating  the  shield  of  the  coax  at  the 
base  plate  bringing  only  the  center  conductor  to  a  low  impedcnce  point  on  the  balun. 
This  in  effect  fortp'ed  a  2-inch  diameter  square  loop  with  the  balun  element.  The 
three  samples  were  then  combined  using  a  stripline,  constant- impedance  device  for 
this  purpose. 

The  Scanwell  FA8730  makes  use  of  capacitive  coupled  signal  samples  from  each 
dipole  to  represent  the  dipole  currents.  The  signals  ore  combined  to  provide  a  signal 
at  the  single  port  used  to  feed  the  monitor  circuit. 

Another  method  for  signal  sampling  has  been  used  with  experimental  antennas. 
This  involves  a  loop  approximately  one  inch  by  two  inches  mounted  very  close  to  the 
gap  on  the  center  dipole.  (See  page  38  of  SROS  Report  73-137).  In  this  antenna 
two  loops  were  used,  one  for  path  and  one  for  width  monitoring.  The  dipoles  in  the 
experimental  antenna  were  series  fed,  hence  it  was  believed  unnecessary  to  sample 
the  signals  from  the  end  dipoles. 

The  Meridian  dipoles  provided  signal  sample  by  means  of  a  directional  coupler. 
The  sample  is  representative  only  when  the  SWR  at  the  antenna  is  1 .1:1  or  less. 

2.  Specific  Antennas  Involved  in  Tests.  Three  contemporary,  readily  avail¬ 
able,  comer  reflector-type  antennas  were  selected  for  field  testing.  Of  particular 
concern  was  the  relation  between  the  far-field  signal  produced  by  the  antenna  and  the 
signal  sample  being  provided  for  monitoring  purposes.  A  dearth  of  information  seems  to 
exist  on  this  subject,  so  it  was  deemed  important  to  establish  this  relationship  through 
carefully  controlled  experimental  measurements.  Because  of  alleged  difficulties  in 
field  operations  with  one  particular  antenna;  viz,  the  AIL  FA8651, performance 
characteristics  of  this  antenna  were  stressed.  The  three  antenna  types  considered 
were: 


AIL  FA8651 
APC  FA8976 
Scanwell  FAS730 
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Deliberate  faults  were  introduced  into  the  FA8651  antenna  and  resulting  changes 
in  the  phase  and  amplitude  of  the  far-field  signals  were  observed.  The  principal  reference 
was  to  a  standard  i  wavelength  dipole. 

3.  Measurement  and  Techniques. 

a.  Test  tenge.  The  antenna  test  range  at  Ohio  University's  Avionics 
Engineering  Center's  lest  facility  at  the  New  Tamiami  Airport,  Miami,  Florida  was  used 
for  all  testing.  Figure  11-540  shows  the  layout  of  this  range.  Figure  i  1-541  is  a  view 
of  the  range  from  behind  the  antenna  under  test  and  Figures  fl-543a  and  543b  are  views 
of  the  antenna  test  jig  and  the  far-field  dipole  receiving  antenna  respectively  from  the 
far-field  vector  voltmeter  position. 

This  site  provided  the  unobstructed  field  area  necessary  for  satisfactory  testing. 
Power  and  support  services  were  conveniently  available  From  the  glide  slope  transmitting 
buildings  nearby. 


I  Standard  i/2  WoveleP'  d  Receiving  DipoU 


Figure  11-540.  Antenna  Test  Range  Layout. 

All  measurements  were  made  the  reference  dipole  antenna  in  position  on  the 
supporting  mast. 


Figure  11-541  .  The  Tomiami  Antenna  Test  Range. 


b.  Specific  Tests. 

(1)  Impedance/  V^R.  Complex  impedance  and  V^R  data  were  derived 
From  incident  and  reflected  voltage  and  phase  measurements.  Figure  11-542  shows  the 
test  set-up  used  to  obtain  these  data. 


Antenna 

Under 

Test 


Figure  11-542.  Impedance  and  VSWR  Test  Configuroti on. 


'  ^  i/L.^ '-.V -1^ 
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The  basic  reference  instrument  for  collecting  data  on  these  as  well  os  most  of 
the  other  tests  was  the  Model  8405A  Hewlett  Packard  Vector  Voltmeter.  Two  such 
instruments  were  used  and  calibrations  can  be  traced  to  the  National  Bureau  of  Standards 
through  the  standards  of  the  FAA  Approved  Repair  Station  maintained  by  Ohio  Univer¬ 
sity. 

Initially,  a  calibrated  short  was  used  to  terminate  the  directional  coupler  and 
obtain  a  "reference  phase  difference".  This  reference  phase  difference  was  then  sub¬ 
tracted  from  subsequent  phase  measurements  to  arrive  at  the  true  phase  difference 
between  the  incident  and  reflected  port  voltages  of  the  directional  coupler. 


Voltage  measurements  at  the  incident  and  reflected  ports  of  the  directional 
coupler  con  be  used  to  find  the  reflection  coefficient  p  from  the  equation: 


Vi-v^ 


10 


where  Vf  and  v^  ore  the  incident  and  reflected  port  voltage  levels  in  dB.  Further,  the 
VSWR  of  the  antenna  can  then  be  found  since: 


]  +  o 

VSWR  = 

1-  p 

the  V^R  and  the  phase  information  con  now  be  plotted  on  a  Smith  Chart  to  find  the 
complex  impedance  of  the  antenna  being  tested. 

(2)  Gain.  The  gain  of  the  antenna  under  test  with  respect  to  a  standard 
dipole  was  also  measured  on  the  test  range.  With  a  directional  coupler  in  line,  the 
reference  dipole  on  the  antenna  test  jig  was  excited.  The  incident  port  output  of  the 
directional  coupler  was  used  os  the  reference  input  (chennel  A)  to  the  far-field  vector 
voltmeter.  The  output  of  the  standard  receiving  dipole  located  in  the  for  field  was  then 
measured  os  chcnnel  B  on  the  far-field  vector  voltmeter.  With  the  same  directional 
coupler  in  line  the  antenna  under  test  was  excited  one  the  receiving  dipole  output  again 
measured.  The  gain  of  the  antenna  under  test  con  be  seen  to  be  the  difference  of  the 
two  signal  levels  in  decibels. 

(3)  Bandwidth.  The  glide  slope  frequency  range  of  329  MHz  to  335  MHz 
was  used  to  examine  bandwidth  characteristics  of  the  antennas.  Once  established  all 
further  tests  were  conducted  at  332.00  MHz. 


(4)  Dipole  Currents.  The  relative  phase  end  amplitude  of  the  individual 
dipole  currents  were  measured  with  a  hoTKi-held  probe  and  vector  voltmeter.  With  the 
probe  in  position  the  output  of  the  probe  was  nv'osured  as  channel  B  in  the  vector  voltmeter. 
The  monitor  output  of  the  antenna  was  used  as  the  reference  input  to  the  vector  volH 
meter  channel  A.  All  amplitude  and  phase  measurements  were  normalized  to  the 
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4.  Matrix  of  Results. 


a.  Boseline  Data.  Table  11-40  lists  the  characteristics  of  the  six  ontennos 
tested.  These  characteristics  were  derived  from  data  taken  on  the  test  range  usin^  the 
techniques  described  briefly  in  the  previous  section.  Figures  1 1-545  through  550  Follow 
Table  11-40  and  show  the  front  hemisphere  free  space  radia.ion  pattern  phase  and 
amplitude  for  each  of  the  antennas  tested.  These  may  be  considered  as  conventional 
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center  dipole.  The  center  dipole,  therefore,  is  always  1.0/0®.  Figure  11-544  shows 
a  probe  measurement  being  made  jn  on  ARC  FA8976  glide  slope  antenna  with  the  aid 


Figure  11-544.  Probe  Measurements  on  the  ARC  FA-8976. 


(5)  Rodiotion  Pattern.  Azimuth  radiation  pattern  plots  for  both  amplitude 
and  phase  were  made  using  data  token  on  the  test  range.  The  spacing  between  transmitting 
antenna  and  the  receiving  dipole  was  100  ft.  which  meets  the  conventional  criterion 
for  the  far-field  range  of  2Cr/^  or  35ft.  Measurements  were  made  every  5®  from 
-90®  to  +90®.  Positive  angles  on  the  azimuth  plots  represent  counterclockwise 
angles  from  centerline  looking  down.  The  monitor  output  port  of  the  antenna  under 
test  was  used  os  the  reference  input  to  the  far-field  vector  voltmeter. 


(6)  TDR  Signature.  Time  domain  response  signatures  were  token  for  the 
input  ports  of  all  antennas  tested.  A  Tektronix  1502  TDR  Gible  Tester  was  used  to  obtain 
the  signatures.  For  all  signatures  the  monitor  port  was  terminated  in  500, 


(7)  No-Fault  Monitor/Input  Port  Relationship.  The  monitor  port  output 


phase  and  amplitude  with  respect  to  the  input  port  phase  and  amplitude  under  no-fault 
conditions  was  determined  for  all  antennas.  This  data  appears  in  Table  11-40  .  The 
monitor/input  port  relationship  remained  constant  over  a  range  of  input  levels  from 
-20  dB  to  +10  dB. 
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Horizontal  Radiation  Pattern  for  AIL  FA-8651  S/N  126. 
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Figure  l]-548a.  Horizontal  Radiarion  Pattern  for  AIL  FA-8651  S/N  160, 


50.00  70.00  90.00 
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Horizontal  Phase  Pattern  for  the  APC  FA-8976 


E0(0)  patterns.  Additionally  all  amplitude  plots  have  the  brood  and  narrow  limits  as 
specified  by  FAA-E-2429  (January  1970). 


Figures  11-551  through  556  are  the  TDR  signatures  of  the  antennas.  These  signatures 
were  taken  as  the  input  ports  of  the  antennas  and  show  no  unusual  triats.  As  can  be  seen 
from  the  figures  mentioned,  all  the  AIL  antennas  have  essentially  identical  signatures 
which  correspond  nicely  with  the  known  construction  of  the  antenna.  Figure  11-552 
has  been  marked  to  show  some  of  the  more  important  aspects  of  the  signature.  ARC 
FA8976  and  Scanwell  FA8730  signatures  have  also  been  analyzed  and  the  figures  presented 
here  for  those  two  antennas. 

The  signatures  presented  here  were  all  taken  under  no-foult  conditions.  No 
signatures  were  obtained  for  any  of  the  faulted  conditions. 

Input  impedance  and  V^R  measurements  indicate  that  the  characteristics  of  all 
antennas  tested  remained  constant  over  the  glide  slope  frequency  range. 

b.  Fault  Data  on  the  AIL  FA8651.  Various  mechanical  and  water-related 
faults  were  introduced  into  the  AIL  FA8651  antenna.  Data  during  these  fault  conditions 
were  taken  with  both  the  far-field  dipole  antenna  and  the  monitor  output  port  of  the  antenna. 
Table  11-41  is  a  consolidation  of  this  data  in  a  normalized  form.  (See  Figures  ll-557a-d) 

Initially  several  attempts  were  made  to  simulate  a  water  fault  with  the  radome  and 
foam  filling  intact.  A  plastic  pad  and  a  sponge  were  used  for  this  testing. 

Following  this  the  radome  and  the  polyurethane  foam  filler  were  stripped  from  the 
S/N  126  antenna.  Figure  11-558  shows  the  polyurethane  being  cut  away  from  the  back- 
plate  and  dipole  elements.  Evidence  of  water  corrosion  was  found  on  all  parts  of  the 
backplate,  on  about  20%  of  the  dipole  element  surfaces,  and  on  the  entire  surface  of 
the  stripline  device.  Figure  11-559  shows  the  corrosion  present  on  the  lower  part  of  the 
stand-off  portion  of  the  left  dipole.  Figure  11-560  shows  the  corrosion  present  on  the 
side  of  the  stripiine  device  that  faces  away  from  the  backplate  of  the  antenna. 

Although  this  antenna  is  a  comparatively  very  welhbuilt  antenna,  complete  protection 
from  water  entry  into  the  structure  was  not  provided.  Some  experiments  were  performed  to 
identify  the  most  sensitive  areas  where  water  would  most  affect  the  far-field  signal.  Further, 
the  response  of  the  monitor  sample  was  observed  for  changes.  Particular  attention  was  given 
the  gap  area  of  the  dipoles,  the  baluns,  the  termination  of  the  shield  conductor  of  the 
monitor  sampling  lines,  the  connecton,  and  several  areas  of  the  strip  line  power  divider 
and  combiner  for  sensitivities. 

The  function  of  the  antenna  was  remarkably  insensitive  to  water  placed  in  or  about 
the  gop  areas  which  were  exposed.  Water  placed  on  the  balun,  and  dipole  parts  did  not 
affect  far-field  radiation  or  the  monitor  more  than  .  1  dB  amplitude  or  1  •  of  phase.  Water 
placed  in  the  gap  area  where  the  monitor  pickup  cable  was  terminated  at  the  base  plate 
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Far-Field  Change 

Monitor  Output  Change  | 

Amplitude 

Phase 

Amplitude 

Phase 

0  dB 

0 

OdB 

0 

0 

-2.0® 

-0.1 

-O.?* 

0 

0 

0 

0 

0 

0 

-3.5 

+10.0® 

-4.0® 

+10.0^ 

-5.0 

-0.5 

-6.0* 

-0.8 

0 

0 

-0.6 

-10.0® 

0 

-3.0® 

-0.5 

-1.4® 

0 

0 

0 

0 

0 

0 

0 

-5® 

-10.0® 

0 

0 

-0.2 

-0.7 

-1.4 

-13.0F 

-1.5 

-12 

-0.5 

-5.0® 

-2.2 

-3.5® 

0 

0 

0 

-2.5« 

0 

0 

0 

-1.0® 

0 

0 

0 

0 

Faults  with  Rodotne 

Plastic  Bubble  Pod  Top^ 
Plastic  Bubble  Pad  Front 
Sponge^ 

Faults  without  Radome  and  Poly¬ 
urethane  Foom 
Mechanical  Faults 

Right  Monitor  Discon. 

Center  Dipole  Shorted^ 

L  or  R  Dipole  Shorted 
Left  Monitor  Shorted^ 

Woter  Faults  on  Surfaces 

Plastic  Bubble  Pad^(3)* 
Sprayed  WaterS  (3) 

Wet  Cloth6  (2) 

Water  on  the  Edge  of  Stripline 
Device 

Water  Spray  Top  Edge 
Wl  Top  Edge,  liar  Loose^  (3) 
WS  Feed  AreaS 
WS  Monitor  Area  (2) 

Wl  Monitor  Area  (2) 

Wl  Feed  Area  (3) 


*  Number  in  Parenthesis  Indicates  the  Number  of  Attempts  at  that  Test. 


Table  11-41.  Normalized  Fault  Data  for  AIL  FA-8651  S/N  126. 


Notes: 


1 .  The  plastic  bubble  pad  used  was  a  piece  of  plastic,  blistered  packing  material. 
Water  was  injected  into  the  individual  bubbles  with  a  syringe.  Each  bubble 
received  1  cc  of  water.  64  bubbles  in  all  were  injected  with  water.  The  64 
bubbles  made  up  on  area  24"  x  4.5".  This  pad  was  then  either  taped  to  the 
front  or  top  of  the  radome,  or  wrapped  around  the  dipole  as  the  appropriate 
fault  description  indicates.  Figure  1  l-557a  shows  one  of  the  bubble  pad  tests. 

2.  The  sponge  used  was  5"  x  3"  x  1 "  and  was  soaked  with  water.  The  sponge 
was  laid  atop  the  radome. 

3.  The  dipole  was  shorted  by  placing  an  N  connector  across  the  dipole  near  the 
feed  point.  This  is  shown  in  Figure  ll-557b. 

4.  Monitor  pick-up  point  was  shorted  with  a  test  lead  to  the  backplate. 

5.  Figure  i1-557c  shows  the  elements  of  one  of  the  dipoles  being  sprayed.  Even 
though  for  all  the  sprayed  water  tests  enough  water  was  applied  to  begin  to 
drip  off  the  area  being  tested,  no  effects  were  seen  either  at  the  air  field 

or  the  monitor  port  output. 

6.  The  wet  cloth  was  a  piece  of  1/2"  x  1"  material  thoroughly  soaked  and  placed 
right  at  the  monitor  pick-off  point  of  the  center  dipole. 

7.  Wl  “Water  Injection.  Typically  4  cc  of  water  was  injected  using  a  hypodermic 
syringe.  Little  of  the  4  cc  of  water  actually  entered  the  stripline  due  to  the 
obvious  difficulty  of  forcing  water  between  epoxy  board  layers.  In  this 
particular  test  one  of  the  bars  used  in  the  construction  of  the  stripline  case 

was  loosened  somewhat.  It  should  be  noted  that  this  bar  was  found  to  be 
loose  to  approximately  the  same  extent  when  the  antenna  was  disassembled. 
Figure  li-557d  shows  water  being  injected  into  the  feed  area. 

8.  WS  “  Water  Spray.  This  means  that  the  area  mentioned  for  the  test  was 
either  sprayed  with  water  (until  water  collected  on  the  surface)  or  water 
was  poured  on  the  area. 


Table  11-41.  (G>ntinued). 


Figure  l]^57e.  Spraying  file  Right  Dipole  Elements  of  the  AIL  FA-8651 . 


Figure  11-657d.  ln|actfon  ot  Water  in  the  Feed  Area  of  the  Stripline  of  the 
AIL  FA-8651. 
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did  produce  noticeable  phase  changes  of  K)**  but  only  in  the  monitor  circuits.  The  far 
field  was  unaffected.  Water  sprayed  onto  the  exposed  structure  did  not  significantly 
affect  the  antenna  operation. 

5.  Correlation  of  Signol  Samples  with  Monitor  Response.  The  AIL  Mark  IB 
monitor  response  to  various  phase  and  amplitude  faults  introduced  into  the  monitor  RF 
return  lines  has  been  determined.  This  series  of  measurements  using  a  test  set-up 
illustrated  in  Figure  11-561  includes  the  introduction  of  delays  and  advances  of  up  to 
20°  in  phase  and  1  dB  and  2  dB  attenuations  into  the  lower  antenna  monitor  line.  The 
middle  antenna  monitor  line  of  the  capture  effect  configuration  was  foulted  with  similar 
phase  delays  and  odvcnces.  Tables  11-42  and  11-43  show  the  results  of  those  tests 
given  in  percentage  of  width  alarm. 

Further  testing  showed  that  combined  faults  were  additive.  For  instance,  com¬ 
bined  faults  in  the  lower  antenna  monitor  line  of  1  dB  of  attenuation  and  a  5°  phase 
delay  gave  a  width  indication  of  494%  of  alarm.  The  some  attenuation  with  10°  of 
phase  delay  indicated  538%  of  alarm.  In  both  cases  the  monitor  was  also  3.0  dB  into 
RF  alarm. 

Estimates  of  the  AIL  Mark  IB  monitor  response  to  various  changes  in  the  monitor 
output  port  signal  of- the  lower  and  center  antenna  in  the  capture-effect  glide  slope 
configuration  using  the  FA8651  antennas  con  be  made  with  a  knowledge  of  the  change 
in  the  magnitude  and  phase  of  that  RF  signal.  Fault  data,  e.g.,  amplitude  and  phase 
perturbations,  such  as  appear  in  Table  11-41,  con  be  translated  to  percentage  of  alarm 
(width)  by  referring  to  Tables  11-42  and  11-43. 

It  should  be  clearly  recognized  that  this  monitor  response  is  not  analog  in  character 
Correspondence  of  alarm  values  with  complex  RF  signal  values  coming  to  the  monitor  must 
not  be  expected. 

6.  Summary.  An  investigation  of  the  characteristics  of  three  contemporory 
glide  slope  antennas  has  been  completed  with  emphasis  on  the  FA8651  antenna  manu¬ 
factured  by  AIL,  a  Division  of  Cutler  Hammer.  Impedance,  gain,  azimuth  patterns, 
bandwidth,  monitor  port  sampling,  and  time  domain  characteristics  have  been  experi¬ 
mentally  determined.  Additionally  the  FA8651  has  been  studied  under  faulted  conditions 
with  a  Mark  IB  monitoring  system  in  operation. 

Of  particular  interest  for  the  FA8651  hos  been  the  integral  monitor  pickup  response 
to  specific  faults  and  the  Mark  IB  monitor  interpretation  of  these  pickup  signal  changes 
in  terms  of  indicated  path-width  condition.  The  tests  showed  that  faults  with  the  antenna 
element  themselves  were  observable  at  the  pickup  output  port  essentially  in  analog  form 
compared  to  the  far  field;  faults  in  the  distribution  feed  portion  of  the  stripline  were 
also  observable  in  analog  form,  but  faults  with  the  recombining  portion  of  the  stripline 
unit  were  seen  only  in  pickup  sample  signals. 

Each  of  the  three  types  of  antennas  is  capable  of  performing  satisfactorily  in  the 
presence  of  incident  and  residual  water  on  the  radomes  and  external  conducting  surfaces. 


Lower  Antenna  Faults 

Phase  Faults  (®) 

Monitor  Response  (%  Alarm) 

-2 

25  Shorp 

-4 

50 

-6 

81 

-8 

100 

-10 . 

-12 

100 

-14 

88 

-16 

69 

-18 

37 

> 

-20 . 

1  • .  •  •  6  Sharp 

-22 

21  Brood 

-24 

43 

-26 

71 

-28 

96 

-30 . 

.  129 

-32 

157 

-34 

182 

-36 

214 

-38 

243 

-40 . 

-42 

304 

-44 

329 

-46 

354  1 

r 

-48 

379  Brood 

-50 . 

.  INV* 

+10 

139  Broad 

+20 

282  Broad 

+30 

378  Brood 

+40 

INV 

+50 

INV 

Attenuation  Faults 

1.0  dB 

331  Sharp  (2.5  dB  into 

RF  ALARM) 

2.0  dB 

675  Sharp  (5.0  dB  into 

*  INV  denotes  inverted  structure. 

RF  ALARM) 

Table  11-42,  AIL  Mark  IB  Monitor  Response  to  Lower 
Antenna  Monitor  Line  Faults. 
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Middle  Antenna  Faults 

Phase  Faults  (®) 

AAxiitor  Response  (%  Alarm) 

-2 

19  Sharp 

-4 

19  Sharp 

-6 

6  Sharp 

-8 

7  Broad 

-10 . 

• • • •  25 

-12 

46 

-14 

68 

-16 

93 

-18 

125 

-20 . 

....  154 

-22 

179 

-24 

211 

-26 

243 

-28 

275 

-30 . 

....  300 

-32 

329 

-34 

357  , 

f 

-36 

382  Broad 

-38 

INV* 

-40 . 

....  INV 

-42 

INV 

-44 

INV 

-46 

INV 

-48 

INV 

-50 

INV 

+10 

54  Brood 

+20 

160  Brood 

+30 

275  Brood 

+40 

375  Broad 

+50 

INV 

*  INV  denotes  Inverted  structure. 

\ 

Table  11-43.  AIL  Mark  IB  Monitor  Response  to  Middle 
Antenna  Monitor  Line  Faults. 


The  use  of  foam  materials  within  radomeS/while  providing  mechanical  support,does  not 
provide  for  critical  seals  against  entry  of  moisture.  With  respect  to  the  FA8651  temperature 
changes  apparently  open  seams  in  the  radome  thus  allowing  moisture  to  travel  by  capillary 
action  into  critical  locations  such  as  the  stripline  distribution  and  recombining  unit. 

SWR  values  were  variable  among  the  antenna  specimens  from  1 . 15  to  1 .9:1  thus 
suggesting  that  a  specification  should  be  written  that  would  indicate  the  maximum  allow¬ 
able  value. 

Gain  of  these  corner  reflector  type  antennas  range  from  7  to  10  dB  over  c  one-half 
wavelength  dipole.  Azimuth  patterns  are  within  acceptable  limits.  Time  domain  signatures 
are  straightforward  and  provide  a  reference  for  significant  fault  observation.  Bandwidth 
characteristics  are  excellent. 

7.  Conclusions.  Several  conclusions  have  been  drawn  based  on  the  experi¬ 
mental  work  performed  using  the  three  comer  reflector-type  antennas;  viz,  the  FA8976, 
FA8651,  and  FA8730. 

The  APC  FA8976  antenna  offers  the  simplest  and  least  expensive  construction 
and  its  design  using  plastic  coverings  over  the  critical  feed  portions  makes  use  of  plastic 
shields  and  gravity  to  prevent  water  from  entering  critical  areas.  The  monitor  sample, 
although  coming  from  a  non-50  ohm  port,  does  adequately  represent  changes  in  the 
radiated  signal. 

The  AIL  FA8651  represents  a  well-designed  antenna  from  an  electrical  viewpoint; 
however,  the  performance  of  the  antenna  also  depends  on  the  construction  of  the  foam 
filling,  the  space  about  the  antenna  elements  and  the  integrity  of  the  weather  seal  for 
proper  operation.  Disassembly  of  a  sample  antenna  taken  from  service  at  Walla  Walla, 
Washington  indicotes  the  seal  is  not  always  maintained  and  that  water  had  entered  the 
baseplate  and  stripline  regions,  this  latter  being  a  most  critical  region.  Two  results 
can  occur. 

First,  moisture  in  the  distribution  portion  can  affect  the  far-fleld  phase  and  amplitude. 
Experimental  evidence  and  theoretical  considerations  show  that  this  is  observable  in  a 
near  analog  manner  at  the  monitor  sample  port  on  the  antenna.  Second,  the  moisture  can 
affect  just  the  recombining  portion  of  the  stripline  unit  thus  causing  a  disturbance  at  the 
monitor  port  with  no  evidence  of  far-field  change.  As  a  consequence  of  this  latter,  it  is 
reasonable  to  expect  that  there  will  be  monitor  changes  that  are  unaccompanied  by  far- 
field  change. 

Soaking  the  medium  surrounding  the  area  where  the  monitor  coaxial  line  shield  is 
terminated  in  the  FA8651  produces  significant  response  at  the  monitor  port.  Water  in¬ 
jected  around  the  feed  points  of  the  dipole  hove  minimal  effect  on  the  monitor  and  the 
far  field. 


The  antenna  perfonnance  seems  remarkably  stable  with  water  directly  on  the  elements. 
The  urethane  foam  material  immediately  surrounding  the  FA8651  antenna  elements  rejects 
water  injected  directly  into  the  foam.  Water  will  rest  on  the  foam  surface  without 
penetration.  Foam  soaked  in  water  wilt  absorb  about  75  milligrams  of  moisture  per  cc 
of  material.  Capillary  action  occurring  between  the  foam  surface  and  the  metallic 
surfaces  appears  to  be  prevalent  and  leads  to  problems  with  the  internal  stripline  device 
which  is  not  sealed  well. 

Seals,  therefore,  become  a  crucial  item  in  determining  long-term  characteristics 
of  a  given  antenna.  Designs  which  minimize  the  lengths  of  gaps  that  must  be  sealed, 
which  make  maximum  use  of  gravity  to  protect  vulnerable  areas,  which  offer  greatest 
rigidity  of  support  for  gaps  to  be  sealed  and  which  provide  materials  with  similar  co¬ 
efficients  of  expansion  are  regarded  os  superior. 

Water  collecting  on  the  outside  of  the  radome  and  collections  of  water  in  amounts 
greater  than  moisture  content  of  snow  clearly  do  not  degrade  antenna  performance.  The 
radome  provides  an  effective  standoff  for  foreign  materials. 

FAA  experience  tends  to  indicate  that  operational  problems  using  the  FA8651 
antennas  occur  most  often  at  sites  where  large  daily  or  seasonal  temperature  variations 
are  experienced.  Materials  used  in  the  antennas  are  known  to  have  different  coefficients 
of  expansion;  therefore,  seals  may  be  expected  to  open  and  materials  crack  thus  allow¬ 
ing  for  penetration  of  moisture. 

8.  Recommendations. 


(1)  Very  careful  consideration  must  be  given  to  preventing  moisture  from 
entering  critical  antenna  components  such  as  stripline  distribution  units  and  other 
regions  where  high  electromagnetic  field  stress  is  present.  Maximum  use  of  gravity 
should  be  made  to  eliminate  entry  of  moisture. 

^2)  Areas  to  be  sealed  should  be  rigidly  supported  and  of  materials  with 
similar  coefficients  of  expansion. 

(3)  Foam  materials  must  not  be  used  for  seals. 

(4)  Signal  samples  should  be  processed  to  form  an  analog  of  glide  slope 
for-field  conditions.  This  would,  in  the  case  of  the  Mark  IB  necessitate  a  significant 
but  rather  simple,  inexpensive  change  in  sample  signal  collection;  viz,  obtaining  the 
processing  of  signal  from  the  upper  antenna  in  the  capture-effect  orray. 

(5)  A  study  should  be  made  of  the  non-analog  monitor  as  it  is  used  in 
the  Mark  16  and  other  similar  systems.  The  relevance  of  non-cancellation  of  the 
clearance  signal  to  monitoring  should  be  ascertained.  Presently  the  monitoring  of 
width  is  a  function  of  clearance  power  level  and  anomalous  monitoring  conditions 
conceivably  con  occur. 

(6)  Additional  work  is  recommended  to  identify  the  specific  mechanisms 
causing  monitor  sample  signal  perturbation  with  water  in  and  around  the  FA8651  stripline 
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L.  Minimum  Site  Preparation  for  an  Image  Glide  Slope. 


1 .  Introduction.  The  motivation  for  this  section  comes  from  the  need  to  hove 
airport  designers  specify  minimum  terrain  modification  consistent  with  providing  an 
acceptable  glide  slope  signal  in  space  and  ovoid  over-specification  and  unnecessary 
costs.  A  site  without  overdesign  will  obviously  counter  many  of  the  claims  offered  by 
proponents  of  microwave  systems  that  contemporary  glide  slope  systems  are  impossible 
or  too  expensive  to  obtain  at  many  desired  locations.  The  following  discussion  leads 

to  a  step-by-step  calculation  of  cost  savings  at  a  generalized,  problem  site.  The  most 
recently  available  technical  information  is  utilized  to  work  towards  an  absolute  minimum 
of  site  preparation.  The  intent,in  part, is  to  be  instructive  for  airport  designers. 

t 

There  are  a  number  of  instrument  landing  system  glide  slope  sites  existing  today  in 
the  United  States  where  at  least  $100,000  could  have  been  saved  in  site  preparation  costs 
if  all  existing  ILS  technology  hod  been  applied  in  the  design  of  the  site.  A  major  purpose 
of  this  section  is  to  provide  a  more  general  dissemination  of  some  technical  facts  which, 
if  applied  to  problem  glide  slope  sites  in  the  planning  stages,  can  result  in  substantial 
savings  to  the  local  airport  sponsor  and  the  federal  government  which  generolly  is  in¬ 
volved  with  matching  funds. 

With  but  very  few  exceptions,  the  more  than  500  U.  S.  ILS  glide  slope  facilities 
operating  in  1975  are  of  the  image  type.  This  means  that  the  essential  signal  in  space 
provided  for  the  user  aircraft  comes  in  part  via  a  reflection  from  the  earth.  Theoretical 
considerations  for  an  image  glide  slope  typically  involve  assumptions  of  a  flat,  smooth, 
perfectly-conducting  ground  for  the  reflecting  surface.  It  is  logicol,  therefore,  that 
many  specifications  used  by  designers  allow  but  slight  deviations  from  this  ideal.  In 
fact,  the  allowable  limits  for  the  most  part  hove  never  been  determined,  with  the  result 
being  over-specification.  It  certainly  should  be  clear  to  most  readers  that  this  over- 
specification  can  and  does  lead  to  excessive  and  unnecessary  costs  in  preparing  an  image 
glide-slope  site.  These  costs  come  basically  and  usually  from  the  apparent  need  to  move 
earth  to  construct  a  large  level  area  adjacent  to  the  runway  for  a  reflecting  plane  serving 
the  glide  slope.  A  review  of  records  of  costs  for  site  preparations  clearly  indicates  why 
many  people  have  come  to  regard  the  glide  slope  as  on  expensive  landing  aid;  and  in 
certain  cases,  some  conclude  it  is  not  justified  in  spite  of  its  important  contribution  to 
safety  of  aircraft  landing  operations. 

An  investigation  of  more  than  22  glide  slope  facilities  has  been  accomplished  in  part 
by  visits  to  the  site,  and  the  comments,  conclusions,  and  recommendations  of  this  section 
are  based  on  this  work.  The  intent  is  to  provide  information  which  will  permit  image  glide 
slope  siting  at  reasonable  cost  in  spite  of  limitation  in  quality  of  real  estate.  Present 
costs  are  excessive,  unnecessary,  and  increasingly  intolerable.  National  financial  resources 
can  better  be  applied  to  other  aviation  requirements  such  as  an  increase  in  the  number  of 
-facilities  and  visual  aids  such  as  VASIs. 

2,  General  Cose.  In  order  to  provide  the  reader  with  some  detailed  Insight  into 
the  conditions  which  have  motivated  engineers  and  planners  to  expend  the  large  sums  of 


money  for  image  glide  slope  sites,  a  generalized  hypothetical  case  is  described.  This 
is,  in  effect,  a  composite  of  the  conditions  commonly  found  at  so-called  difficult  sites. 

The  proposed  collective  modifications  have  not  been  experimentally  checked  and  this 
should  be  done  to  cscertain  the  interaction  or  dependency.  The  composite  of  all 
modifications  is  presented  to  illustrate  the  principles. 

• 

Reference  is  made  to  Figures  1 1-562  and  563.  Commonly  an  airport  is  encouraged 
or  forced  to  extend  the  length  of  its  instrument  runway  to  permit  high  performance  jet 
aircraft  to  operate  satisfactorily.  Since  the  desired  touchdown  region  on  the  runway  is 
located  approximately  1000  feet  inside  the  threshold,  this  constrains  the  glide  slope 
placement  to  be  approximately  abeam  this  1000-foot  region.  This  placement  is  thus  in 
G  location  which  is  typically  requiring  extensive  fill,  for  airport  runway  extensions  most 
often  require  building  up  an  area  rather  than  cutting.  The  probability  is  low  that  cutting 
of  a  hill  is  required  since  this  hill  would  have  been  an  obstruction  and  would  have  likely 
eliminated  consideration  of  construction  of  the  runway  initially.  Frequently  then,  earth 
fill  is  not  only  required  for  the  runway  and  protecting  shoulders  but  is  necessary  for  an 
area  to  serve  the  glide  slope.  Figure  11-562  would  suggest  that  as  much  as  10  acres  of 
flat  surface  would  be  prepared  for  image  glide  slope  operation.  Equating  this  in  dollars 
can  be  done  as  follows.  For  a  fill  of  an  area  1250  feet  by  200  feet  which  represents  the 
excess  for  the  glide  slope  over  just  the  runv/cy  and  berm  preparation  and  assuming  an 
average  25-foot  deep  fill,  cost  based  on  a  $1.00  per  cubic  yard  charge  is  $231,^1 
(see  Figure  1 1"560»  Certainly  some  sites  might  be  less,  but  there  are  many  which  hove 
cost  more  and  this  is  used  as  o  typical  case  for  rolling  or  hilly  country.  One  should 
note  that  new  sites  being  installed  at  this  point  in  history  are  probably  going  to  require 
more  preparation  ond  greater  costs  since  the  easy  sites  have  been  taken  in  years  past  and 
inflation  seems  to  be  a  continuing  trend. 

A  planner,  therefore,  currently  evaluates  the  need  for  a  glide  slope  against  such 
site  preparation  charges.  It  is  understandable  that  many  negative  decisions  are  made  on 
glide  slope  installations. 

3.  Engineering  for  Minimum  Costs.  The  engineer  in  our  contemporary  society 
must  be  cost-conscious  to  be  truly  effective.  Too  often  in  the  post,  perhaps  because 
government  matching  funds  were  available,  the  proverbial  pencil  was  not  sharpened  end 
higher  than  necessary  costs  were  incurred.  Importantly , though,  specifications  promulgated 
by  the  FAA  have  not  always  reflected  the  optimum  values  when  recognizing  tradeoffs 
bet<^een  the  ideal  and  a  proctical,  cost-effective  installation. 

PIrs»,  airborne  D^ormance  requirements  hove  not  until  recently  been  quantified  in 
c  scientific  manner.  ^  ^  Because  of  this,  signal  in  space  requirements  and  tolerances 

not  »*f  using  a  valid  technical  base.  .As  a  result,  to  be  safe, a  very  conservative 

t«<is  been  used  In  establishing  criteria  of  acceptability  for  glide  slope  performance. 
rtOff  relaxed  and  realistic  criteria  for  glide  slope  signal  performance  have 
.  -cT  j  *♦»*  post  5  years;  unfortunately,  these  hove  not  been  used  yet  to  relax  criteria 
preparing  image  glide  slope  sites.  This  results  in  over-specification. 
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Further,  results  of  engineering  research  conducted  at  Ohio  University  and  elsewhere 
hove  not  been  fully  utilized  for  relaxing  requirements  for  site  preparation.  Some  specific 
examples  follow  which,  if  implemented,  will  reduce  cost  of  installation  and  yet  permit  an 
acceptable  path  to  be  formed.  Basically  each  reduces  the  amount  of  earth  needed  to  be 
moved. 

a.  Reduced  Length  of  Ground  Plone.  The  first  Fresnel  zone  for  a  null 
reference  glide  slope  serving  an  aircraft  at  the  outer  marker  extends  approximately  1900 
feet  out  from  the  array.  An  approach  for  obtaining  on  ideal  would  be  to  grade  all  of 
this  terrai.  flat  out  to  that  distance.  Experience  has  shown  clearly  that  not  all  of  the 
first  Fresnel  zone  is  needed.  Null  reference  glide  slopes  will  work  well  with  1200  feet 
of  terrain  provided  there  are  no  upslopes  in  the  approach  rem on  exposed  to  the  glide- 
slope  radiation.  A  study  conducted  at  Ohio  University^®'  ^  revealed  that  contrary  to 
intuition,  even  less  ground  is  required  to  form  a  good  path  with  the  capture  effect  system 
in  spite  of  the  greater  antenna  height.  If  the  phase  of  the  upper  antenna  is  retarded  from 
the  ideal  proportionate  to  the  shortened  ground  plane,  compensation  for  the  shortened 
ground  is  achieved  and  a  satisfactory  path  is  obtained  with  as  little  os  800  feet  of 
ground.  ^ Applying  this  to  our  generolized  case,  the  cost  of  the  site  is  reduced  by 
$83, 333, but  $30,000  should  be  added  to  allow  for  the  capture  effect  equipment.  The 
net  savings  would  be  $178,148.  This  is  believed  conservative  since  most  likely  the 
deepest  fill  areas  have  been  eliminated  (see  Table  11-44)> 

b.  Reduced  Depth  of  Fill.  The  only  important  change  produced  by  lowering 
(with  respect  to  the  runway)  a  smooth  ground  plane  with  antennas  attached  is  the  threshold 
crossing  height  of  the  on-course.  If  the  ground  plane  is  lowered  10  feet,  the  threshold 
crossing  height  is  lowered  10  feet  with  no  change  in  the  path  shape.  1^ (See  Figure  11- 

564  .)  Obviously,  in  most  cases  this  is  unacceptable,  but  if  the  glide  slope  mast  and 
antennas  are  moved  191  feet  back  from  the  threshold,  this  will  restore  the  path  to  the 
original  threshold  crossing  height  and  give  negligible  difference  in  the  path  shape  out¬ 
side  the  threshold.  Inside  the  threshold  there  will  be  substantial  change  in  the  path 
shape,  but  no  use  of  the  path  is  made  in  this  region,  so  this  fact  becomes  unimportant. 

It  is  important,  however,  to  observe  that  the  specifications  for  reference  theodolite 
placement  contained  in  the  U.  S.  Flight  Inspection  Handbook  and  optimized  for  direct 
readout  of  path  shapes  are  not  appropriate,  for  they  will  cause  an  out-of-tolerance  to 
be  indicated  even  though  the  path  in  space  is  acceptable.  A  simple  solution  for  this 
has  been  obtained  by  considering  the  pedestal  case  os  discussed  in  reference  [191. 

The  191 -foot  movement  back  from  the  threshold  obviously  requires  some  real  estate 
for  the  mast  placement,  but  the  terrain  does  not  contribute  to  path  formation  and  it  need 
not  be  well-prepared.  An  assumed  volume  of  200'  by  50*  by  10*  will  cost  $3,703. 

c.  Allow  Longitudinal  Slope  of  1  Degree.  If  grading  is  accomplished  to 
allow  a  1 -degree  slope  downward  towards  the  approach  region,  this  can  be  compensated 
by  setting  the  path  angle  for  4  degrees  instead  of  the  nominal  3  degrees  with  the  flat 
ground.  The  resulting  path  for  the  aircraft  would  still  be  3  degrees  referencing  the 
gravitational  level  (see  Figure  11-565$.  Such  a  change  would  permit  a  savings  of 
$41,374.  Side  benefits  of  this  move  are  lower  antenna  heights,  i.e.,  less  obstruction 
by  as  much  os  15  feet,  and  better  drainage. 


Total  Fill 

Reduce  Length  of  Ground  Plane  to  800* 

^83,333 

^231,481 

^]48,]48 

Convert  to  Capture  Effect 

$  30,000 

$178,148 

Lower  Remaining  Ground  Plane  10' 

$59,259 

XI 18,889 

Build  Platform  for  Mast 

$  3,703 

X122,592 

Allow  Longitudinal  Slope  of  1  ° 

$4] ,374 

/S  81,218 

Allow  Transverse  Slope  of  2.5® 

^14,81 4 

X 66,404 

Net  Savings 

L- - - 

XI  65,077 

Table  11-44*  Budget  for  Reducing  Fill. 
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d.  Allow  Transverse  Slope  of  2.3%.  Present  maximum  allowable  trans¬ 
verse  slope  for  the  glide-slope  ground  plane  is  1 .5%.  This  li'^It  was  based  on  the 
theoretical  derivation  of  the  resulting  path^^^^  which  involved  approximating  tangents 
of  small  angle  with  the  angle  in  radians;  no  appreciable  accuracy  is  lost  by  going  to 
2.5%  (1.43*).  The  practical  limitation  in  transverse  slope  rather  is  the  difference  in 
the  path  angle  os  viewed  on  one  side  of  the  localizer  compared  to  the  other.  Assuming 
the  maximum  difference  is  allowed  to  be  7.5%  in  path  angle,  this  limits  the  transverse 
slope  to  2.58*.  Finally,  the  savings  by  providing  a  2.5%  transverse  slope  on  the 
generalized  cose  is  $14,814  (see  Table  11-44). 

e.  Methods  for  Additional  Cost  Savings.  At  certain  installations,  it 
would  be  cost-effective  to  replace  some  of  the  earth  fill  with  a  horizontal  grid  of  wires. 

A  study  at  Ohio  University  showed  that  a  wire  diameter  of  1/16"  with  a  spacing  of  .4 
wavelength  (14.5  inches)  would  serve  adequately  (reflection  coefficient  .94/196.5)  as 
a  ground  plane  extension.  Additionally,  savings  will  be  obtained  by  locating  the 
transmitting  antennas  closer  to  the  runway  since  this  earth  is  already  prepared  to  a  great 
extent  for  runway  shoulder.  Many  sites  considered  as  required  to  be  located  400  feet  from 
centerline  could  be  placed  at  300  feet  or  even  closer.  No  calculations  are  mode  for 
these. 


Selection  of  the  optimum  type  contemporary  glide  slope  for  a  given  site  is  important 
for  obtaining  a  cost-effective  installation.  If  one  totals  the  savings  possible  by  implement¬ 
ing  sections  (a)  through  (d),  he  obtains  $165,007  or  71%  for  the  generalized  cose.  This 
is  believed  significant. 

Soon  to  be  available  are  non-image  compatible  systems  such  as  the  broadside, 
waveguide  and  endfire  glide  slope  systems  which  will  virtually  eliminate  need  for  earth 
fill.  Although  more  expensive  than  a  basic  image  system,  in  some  cases  they  may  be  the 
best  approach.  However,  selection  of  the  optimum  image  system  for  a  site  will  solve 
many  existing  problems  because  minimization  of  path  irregularities  can  be  effectively 
obtained,  e.g.,  use  of  a  capture-effect  system  rather  than  extensive  earth  contour 
shaping. 

4.  Conclusions.  Evidence  at  numerous  glide  slopes  throughout  the  country 
shows  that  excess  glide  slope  site  preparation  has  been  practiced.  Careful  attention 
to  engineering  details  and  practical  requirements  and  utilizing  results  of  engineering 
research  and  development  can  reduce  site  preparation  costs  by  50  to  70%  in  many  cases. 

These  are  calculations  which  show  maximum  available  savings.  In  practice  all  of 
the  steps  to  obtain  the  savings  would  not  be  recommended  for  simultaneous  application. 
Obviously,  the  specific  site  will  dictote  the  selection. 

Selection  of  the  optimum  contemporary  glide  slope  for  a  given  installation  is 
important  for  cost  saving.  Too  often  brute  force  approaches  have  been  used  in  lieu  of 
engineering  analysis.  Mathematical  models  have  not  been  fully  utilized  for  selecting 
the  best  system. 
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Specifications  for  site  preparations  currently  do  not  reflect  recent  engineering 
advances  in  ILS  technology.  FAA  specifications  as  they  stand  do  not  show  compatibility 
between  what  is  required  for  the  signal  in  space  and  what  is  required  in  ground  preparation 
to  give  those  signals.  The  grading  is  based  on  much  more  stringent  signal  conditions 
than  currently  required. 

Costs  of  some  glide  slope  installations  hove  indicated  extravagance  when  it 
comes  to  earth  fill  in  particular.  This  cannot  be  tolerated  for  it  can  only  ultimately 
result  in  less  availability  and  reduced  safety  for  the  flying  public. 

5.  Recommendations .  The  FAA  should  review  its  specifications  for  glide  slope 
sites  and  modify  tfiese  to  reflect  current  state-of-the-art  ILS  technology  and  provide  for 
the  most  cost-effective  installation.  Compatibility  of  all  requirements  should  be  in¬ 
sured.  Additionally,  the  FAA  should  see  that  these  are  promulgated  to  the  appropriate 
areas  so  that  the  airport  design  engineer  obtains  the  information  at  the  earliest  possible 
time. 

The  FAA  should  investigate  and  determine  on  a  scientific  basis  the  minimum  dis¬ 
tance  which  antenna  masts  may  be  placed  with  respect  to  the  runway.  Also,  frangible 
low  mass  structures  should  be  developed  to  enhance  safety. 
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